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A Note from the Author 
 I have done my best to keep true to the terminology used in industry to describe aspects of the 
technology in this report. The terms Detention Facility and Cistern, each with a distinct meaning, will be 
used to describe two distinct modes of operation of the project’s existing stormwater control measure 
(SCM). The SCM currently collects stormwater runoff and releases it at a controlled rate to a 
downstream stormwater conveyance; when operating in this mode, it is appropriate to refer to it as a 
detention facility. When the SCM is being used to meet irrigation demand, its primary functionality has 
changed from “controlled release” to “water storage”; when operating in this mode, the facility will be 
referred to as a cistern. The regulations of the federal government, North Carolina Department of 
Environmental Quality (NCDEQ), and Town of Chapel Hill view the SCM differently with the change in 
functionality and have different requirements that will be applied to the facility depending on its mode 
of operation. It is important that this distinction is clear from the outset, so the reader can interpret the 
various regulatory requirements appropriately and does not believe a new structure is being introduced 
to the design. 
Abstract 
As part of the University of North Carolina at Chapel Hill (UNC-CH) Three Zero Environmental 
Initiative, the University proposes to convert an existing underground detention facility at Baity Hill at 
Mason Farm Student Housing Complex into a rainwater cistern. The property is currently irrigated using 
metered potable water from the water main running parallel with Mason Farm Road. The University 
would like to use the detention facility as the primary water source for irrigation. A hydrologic analysis 
has been conducted to determine how much runoff is reaching the existing underground detention 
facility.  Using ten years’ worth of irrigation demand data provided by UNC-CH and North Carolina State 
University Biological & Agricultural Engineering’s (NCSU-BAE) Rainwater Harvester tool, 75% (+/- 7%) of 
the annual irrigation demand could be met by the rainwater cistern. Two options for a secondary source 
for irrigation were considered: the existing potable water line and an abandoned non-potable reclaimed 
water line that would need to be extended to the property. The net present value cost to irrigate the 
property over 15 years could decrease roughly 40% compared to current operations. 
This report discusses the feasibility of converting the underground detention facility into a 
rainwater cistern and available options for secondary sources. Detailed descriptions of the project site, 
the overarching objectives of the Three Zeros Initiative behind this proposal. pertinent calculations, 
details, and cost-benefit analyses can be found in the sections, tables, and appendices to follow. 
PART I- INTRODUCTION TO DESIGN 
 Project Site and Existing Facilities 
 Baity Hill is a graduate student housing complex located on the campus of the University of 
North Carolina at Chapel Hill (UNC-CH) in Orange County, Chapel Hill, North Carolina. As-built surveys 
indicate the complex was constructed in 2005. It is part of a 32.87-acre parcel, PIN# 9788628174. The 
study area makes up approximately 3.50 acres of the parcel.  
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 An underground detention facility is located in the exterior parking and turn-around area of 
1501 Mason Farm Road. This section of Baity Hill is made up of three apartment buildings with the 
detention facility being located on the farthest east portion of the site. 
 
   
140’                 0’             70’          140’ 
Figure 1: Property layout of Baity Hill Graduate Student Apartment Complex. The master drainage basin is outlined 
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140’                 0’             70’          140’ 
Figure 2: Drainage structure locations as defined by UNC-CH Department of Energy. 
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Figure 3:Not to Scale Existing Trunk Pipe Cross-Section with HGL. Width to Height ratio is 10:1 
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 A system of grate inlets, combination inlets, and siphonic manholes collect runoff from the complex. 
The collected runoff is routed through a hydrodynamic separator before reaching the detention facility 
and its outlet control structure.  The system discharges through an existing stormwater drain into the 
Meeting of the Waters stream. Appendix A contains details of the hydrodynamic separator, the outlet 
control structure, and the underground detention facility.  
Figure 4: Not to Scale. Existing Pipe Cross Sections with 
HGL. Height to Width Ratio is 10:1 
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Three Zero Environmental Initiative  
 The project’s genesis stems from UNC-CH’s Three Zero Environmental Initiative. UNC-CH aims to 
reduce their environmental footprint by achieving three goals: Net-zero water usage, zero waste to 
landfills, and net zero greenhouse gas emissions (1). For Net-zero water usage, UNC-CH states, is 
achieved by “…bringing less potable water onto campus and reclaiming non-potable water in cisterns to 
be used in collecting systems and irrigation, as well as filtering the water that leaves the campus to 
reduce run-off and improve its quality through storm water management.”. UNC-CH has already made 
great strides in this goal over the last 16 years. Data shows that as the campus’ land-use has grown by 
62% since 2000 and enrollment is up 16% (2), total water (potable and non-potable) consumption is 
down 12% and water used per square foot of campus is down 46% (1).  
Statement of Problem 
 As part of the University’s environmental initiative, UNC-CH Energy Services Department 
requested the Department of Environmental Science and Engineering submit options for the conversion 
of the existing Baity Hill underground detention facility to a rainwater cistern and assess options for its 
best use. The cistern will serve as the primary water source for this portion of Baity Hill Apartment 
Complex irrigation system. The Energy Services Department requested options to retrofit the 
underground detention system and not improving the system (3). An initial hydrologic analysis was 
requested to ensure proper storage is available to meet the UNC-CH Stormwater Ordinance and North 
Carolina Department of Environmental Quality (NCDEQ) requirements for rainwater harvesting. A 
hydraulic analysis was requested to determine the required head necessary to pump water from the 
cistern to the irrigation system. In addition to the runoff stored in the cistern, an existing reclaimed 
water line is present at a nearby property and could be used to meet irrigation needs. A feasibility report 
was requested to determine cost and benefits of using the proposed cistern as the primary irrigation 
source, using potable water as the secondary source, using the non-potable water as the secondary 
source, and using the non-potable line as the primary source (3).   
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Issuance Authority Design Standards & Regulations 
 The project lies within the jurisdictional boundary of the University of North Carolina at Chapel 
Hill (UNC-CH). While no new impervious areas will be added during the development of the new 
rainwater delivery system, the UNC-CH Stormwater regulation states that any stormwater retrofit must 
still meet certain stormwater standards (4, Section I). The UNC-CH stormwater standards incorporates 
those associated with zoning OI-4 of the Town of Chapel Hill Stormwater Management Performance 
Standards for Development and Redevelopment (4, Table 1-1) and the Jordan Lake Rules (4, Section I). 
The nutrient removal requirements set forth in Table 1-2 and Section I-B of UNC-CH Stormwater Manual 
were satisfied by the installation of the Hydrodynamic Separator and the detention facility which was 
approved in 2005. The following items are pertinent requirements set forth by the UNC-CH Stormwater 
Manual [with specific citation references to the Manual] and were addressed throughout this report.  
• Table 1-3 states: 
o Post Development runoff volume for a 2-year, 24-hour storm event cannot exceed pre-
development runoff volume for a 2-year, 24-hour storm event.  
o Post development peak discharge for a 24-hour storm event leaving the site cannot 
exceed pre-existing peak discharge for 1, 2, 10, 25, and 50-year storm events. This is 
determined by picking a “study point” where a drainage basin can be drawn that would 
include the entire proposed project site. Peak runoff is estimated for this basin under 
both pre-existing and post-development conditions. the Soil Conservation Service (SCS) 
method is required for this analysis [Section I-C].  
• The underground detention facility must have a dewatering device that is accessible even when 
the facility is full [Section II-C-4]. Note: There does not appear to be a device that can empty the 
facility immediately, but the facility is designed to drain by gravity within 2-5 days.   
• If the underground facility is being used as a cistern [Section II-C-5]: 
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o The irrigation system cannot operate on a seasonal schedule. The irrigation system must 
run throughout the entire year. Note: In a conversation with Sally Hoyt, PE (4), she 
stated that although the irrigation demand is seasonal (only operating 6-9 months out of 
the year), the cistern can still satisfy the stormwater performance criteria. The cistern 
will close off its existing orifices during the irrigation period to store as much water as 
possible and reopen them during the months when irrigation is not occurring to activate 
the passive drawdown. 
North Carolina Department of Environmental Quality (NCDEQ) Stormwater Design Manual is the 
governing authority for rainwater harvesting cisterns. The following are pertinent standards drawn from 
the NCDEQ Stormwater Manual (5) [with manual citation]: 
• To be considered a Stormwater Control Measure (SCM), a cistern must be sized to capture a 
minimum of 85% of the total annual runoff as demonstrated through water balance calculations 
[Page 1, Design Volume]  
• The cistern material and construction methods shall be capable of providing a level of water-
tightness that reflects the allowable leakage rate [Table 2].  
• North Carolina State University’s Rainwater Harvesting tool shall be used to measure water 
balance [Page 8]. 
• Residents of the apartment complex must be notified of non-potable water usage [Page 12]. 
Irrigation Data 
 UNC-CH Energy Service Department assigned numbers for each meter on the UNC-CH campus. 
Loadstar Meter #005906643 captures potable irrigation demand for the project portion of Baity Hill. 
Sally Hoyt, PE of the Energy Service Department provided irrigation demands at the meter from July 
2006 to August 2017.  Table 1 and 2 summarize the data received. 
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Month 
2007 
(kgal) 
2008 
(kgal) 
2009 
(kgal) 
2010 
(kgal) 
2011 
(kgal) 
2012 
(kgal) 
2013 
(kgal) 
2014 
(kgal) 
2015 
(kgal) 
2016 
(kgal) 
Standard 
Deviation 
(kgal) 
January 0 0 0 0 0 0 0 0 0 0 0 
February 0 0 0 0 0 0 0 0 0 0 0 
March 3 0 0 0 1 0 0 0 0 6 2 
April 180 0 0 82 39 30 0 0 0 7 27 
May 259 19 159 250 288 134 2 25 3 37 104 
June 370 127 295 154 365 136 153 278 279 32 100 
July 319 216 290 291 302 358 220 369 277 173 61 
August 361 244 248 206 234 137 205 368 246 105 70 
September 399 265 157 518 60 206 141 194 162 354 128 
October 196 73 57 177 0 82 197 201 164 110 66 
November 0 27 41 108 0 0 0 38 38 67 34 
December 0 0 0 0 0 0 0 0 3 0 1 
Table 1: Monthly Irrigation Demands for Loadstar Meter #005906643* 
 
 
 
Demand-Year 
Total Annual 
Demand (kgal) 
Average 
Monthly 
Demand (kgal) 
Monthly 
Standard 
Deviation 
(kgal) 
St.D/Avg 
2007 2087 261 132 0.51 
2008 971 139 103 0.74 
2009 1247 178 104 0.58 
2010 1786 223 138 0.62 
2011 1289 184 147 0.80 
2012 1083 155 105 0.68 
2013 918 153 80 0.52 
2014 1435 239 130 0.54 
2015 1172 147 118 0.80 
2016 891 99 110 1.11 
Table 2: Annual Irrigation Demand for Loadstar Meter #005906643. 
 Only years with complete annual data were analyzed. 
PART II- Existing Hydrologic and Hydraulic Conditions 
Analyzing how the current system performs was necessary in understanding how the 
underground detention facility can be used as a rainwater cistern. A hydrologic analysis was done to 
understand how much runoff will enter the system. A hydraulic analysis was done to determine if the 
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pipes have enough capacity to bring runoff to the detention facility, what fraction of the rainwater 
runoff would be captured, and if there was enough storage capacity to detain the runoff. The hydraulic 
and hydrologic analyses of the system were done in two steps: drainage basin delineation and 
performance simulation.  
The areas draining to the existing underground detention facility were delineated using 
AutoCAD Civil 3D (Civil 3D). The basin was divided into sub-basins representing the drainage areas 
contributing to each stormwater structure (Figure 5).  Land use patterns within each sub-basin were 
defined to estimate a homogeneous rational C-Values and SCS CN-values. The times of concentration 
were calculated using National Resources Conservation Service (NRCS) TR-55 that is programmed into 
Civil 3D (Figure 5). Hydrologic and hydraulic performance were simulated for different storm events 
using the Civil 3D extensions. The 10-year hydraulic grade line (HGL) needed to be at least one-foot from 
the catch basin rim elevation (6). 
 Common engineering practice is to design the emergency spillway at the minimum elevation 
necessary to detain runoff for the maximum storm event. The emergency spillway in the existing outlet 
control structure is at elevation 414.00. Cases do exist where the weir serves as a detention measure. 
Since the predevelopment information is unknown and the master plan stormwater report does not 
discuss the design measures, it is unknown how the detention system was designed to operate. Aerial 
photography from UNC-CH archives show the area was heavily wooded before construction. An SCS 
analysis was done for the same drainage area (3.58 acres) with a similar time of concentration (20 min), 
and with a CN value of 55 representing woods in good condition in hydrologic soil group B.  
 Civil 3D is a computer aided design program with the capability of layering information in the z-
axis. It also has two extensions for hydraulic and hydrologic analyses: Hydraflow Storm Sewers for 
rational method hydraulic analysis and Hydrographs for SCS hydrologic analysis. Civil 3D allows the user 
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to place smart objects (objects that contain information about the structure such as pipe slope, sump 
depth, and rim elevation) to represent storm structures in plan-view, assign information to the pipes 
and structures, and export them to Hydraflow Storm Sewers for hydraulic analyses. Hydrographs will be 
used to analyze the outlet control structures and stage-storage elevations within the detention facility 
and proposed cistern. The interconnection of programs made Civil 3D a suitable program to analyze the 
hydraulic and hydrologic constraints of the project. 
Drainage Basin 
Stormwater management analysis and calculations were performed by Civil Consultants, Inc. on 
June 17, 2003 and revised on July 11 of the same year as part of the construction of Baity Hill. The report 
showed calculations for the whole site (22.3 acres) but did not break down land use information or 
hydrologic data for each drainage system. Therefore, an analysis was required on the functioning of the 
underground detention facility under current conditions. Using the as-built drawing of the detention 
facility prepared by Krause Surveying Associates, Inc on November 14, 2005, drainage basins were 
delineated for each inlet structure in the stormwater conveyance system (Figure 5). The as-built survey 
can be found in Appendix B. There was incomplete data regarding yard inlets located in front of the 
complex. University of North Carolina at Chapel Hill Energy Service Department’s GIS data was used to 
complete the system.  
The as-built drawings were taken as the most reliable source of information on pipe sizes, invert 
elevations, and rim elevations. The western portion of the housing complex did not have complete 
survey data in the as-built drawings. Portions of offsite area appeared to drain onto the site. The Orange 
County GIS map provided two-foot contours that give a general lay of the land. An image from the map 
was overlaid and used to estimate the western boundary of the drainage system. Table 3 shows the 
rational c-value and SCS curve number used in analyses based on NC-DEQ and Civil 3D Hydrographs 
recommendations, respectively.  The NRCS soil map shows that the site consisted of soils in hydrologic 
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soil group B. The soil map and report can be found in Appendix B. Table 4 shows the rational C-value, 
CN-value, drainage area, and time-of-concentration associated with each inlet and the entire system. A 
drainage map showing the location of each inlet can be seen in Figure 3&5.  
Land Use C-Value Curve Number 
Lawn, Sandy Soil, 2%-7% slope 0.2 61 
Impervious, Roof 0.95 98 
Table 3: Land Use Breakdown 
  
 
Inlet Drainage Area (Ac.) C-Value (unitless) CN-Value (unitless) Time of Concentration (minutes) 
ST2 N/A N/A N/A N/A 
ST3 0.14 .95 98 5.0 
ST4 0.42 .85 93 11.2 
ST5 N/A N/A N/A N/A 
ST6 0.75 0.61 81 11.8 
ST7 0.80 0.61 81 8.5 
ST8 0.54 0.41 71 9.0 
ST9 0.40 0.65 83 10.0 
ST10 N/A N/A N/A N/A 
ST11 0.17 0.26 64 10.3 
ST12 0.30 0.23 63 12.8 
ST13 0.06 0.39 70 5.0 
Total 3.58 0.59 80 19.7 
Table 4: Stormwater Structure Drainage Area and Capture Factor 
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Figure 5: Catch Basin Drainage Map 
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Underground Detention Facility 
 The Civil 3D extension Hydrographs uses the SCS method to form hydrographs (graph showing 
the runoff flow rate (cfs) vs. duration for a given return period), calculate the amount of runoff 
produced during a storm event, the peak flow rate produced in the system, and stage-storage elevation 
within the detention/retention facility.  
First, the drainage basin of the site was delineated and characterized. The area and curve 
number were previously calculated in Table 4. The time of concentration was the time of concentration 
at the outfall of the system calculated in Hydraflow Storm Sewers. The analysis was performed assuming 
no backwater conditions for a 10-year, 24-hour storm event. A time of concentration of 19.7 minutes 
was calculated by the program. When the backwater condition was determined for a 10-year storm 
event (the water surface elevation within the detention facility) and simulated again, the time of 
concentration did not change. The hydrograph was run on one-minute time intervals to give the most 
accurate results. Though this accuracy may not be necessary, the program size is small enough to run a 
more detailed analysis. Since the last update of Hydrographs, the National Oceanic and Atmospheric 
Administration (NOAA) has updated its storm distribution algorithm and no longer recommends the use 
of Type II storm distribution in North Carolina (7). Available technology was not available to form a .cds 
file for Hydrographs to run the updated distribution, so a Type II distribution was used. The main 
difference in rainfall distribution is that more rainfall will occur closer to the beginning of the storm in 
NOAA updated model (8).  
According to the Contech detail(found in Appendix A), the underground detention facility is 
made up of four 96” perforated CMP pipes with a 24” stub CMP pipes linking the detention facility to 
the hydrodynamic separator. The system is banded together by 12’ wide neoprene gasket bands. Sally 
Hoyt  confirmed in a confined space entry that the pipes are actually connected by 8” CMP (9). The 
system occupies an area of 71’ x 47’. The Contech pipes take up an area of 71’ x 41’. The details show at 
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least 3’ of #57 stone lines the edge of the pipes. #57 stone is a construction material used for a variety of 
application. In this instance, it is acting as a porous material for stormwater storage. The pipes are 71’ 
long according to the detail, yet there is also storage available in the pipes connecting the larger pipes. 
The program estimates the storage available in these pipes (an extra 4424 cubic feet to connect four 
pipes) but produced capacity roughly 6% less than what was reported in the detail. Therefore, the pipes 
were extended to 77 LF to match the correct volume. The storage in the #57 stone needed to be 
considered. Description of the calculations can be found in Appendix D. The combined storage between 
the Contech CMP detention basin and the #57 stone is shown in Table 5. The storage elevation stages 
given in Table 5 were inputted in Hydrographs to represent the underground detention facility. 
Water Elevation Total Storage (ft3) 
              406.50                  -    
              407.30            1,845  
              408.10            4,221  
              408.90            6,875  
              409.70            9,681  
              410.50         12,561  
              411.30         15,444  
              412.10         18,251  
              412.90         20,901  
              413.70         20,901  
              414.00         23,971 
              414.50         25,122  
 
 
Once the facility information was input, the program required information about the outlet 
control structure such as orifice/weir elevations, diameter/lengths, and if infiltration is occurring. This 
information was inputted based on the outlet control structure detail found in Appendix A. Sally Hoyt 
Table 5: Stage-Storage of the Existing Underground Detention Facility 
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noted that almost all detention facilities on UNC-CH campus have linings that are failing (9). PVC liners, 
on average, have a leakage rate of 12 ml/s or 99,970 gallons/year (10). This number will be decreased 
based on the percent of the year irrigation is occurring and assuming the cistern is dry 30% of the 
irrigation season. 
 Finally, the program required the input of the 24-hour rainfall depths for various storm events. 
This information was pulled from NOAA’s website for Station ID # 31-1677 in Carrboro, NC. This was the 
closest rainfall station to the site. The information from the site can be found in Appendix C with depths 
shown in Table 6. The program was run for required storm events, and the results are shown in Table 6. 
Results from Hydrograph can be found in Appendix C.  
Storm 
Event 
Rainfall 
Depth 
(inch) 
Peak Routed 
Flow 
through 
Outlet 
Control 
Structure 
(cfs) 
Maximum 
Water 
Elevation 
(ft.) 
Percent of 
Cistern 
Capacity 
Freeboard 
(Emergency 
Flow Weir set 
at 414.00) (ft) 
1-year, 24-
hour 
2.96 0.150 409.87 43% 4.13 
2-year, 24-
hour 
3.58 0.177 411.22 63% 2.78 
5-year, 24-
hour 
4.47 0.945 412.06 76% 1.94 
10-year, 
24-hour 
5.17 4.12 412.65 81% 1.35 
25-year, 
24-hour 
6.11 10.03 412.90 95%, 1.10 
50-year, 
24-hour 
6.86 15.82 413.42 93% 0.58 
Table 6:  Underground Detention Facility Routing Results 
The Town of Chapel Hill’s stormwater regulations require that peak post-development flows 
leaving the site must be less than peak pre-development flows for all the storms listed above except for 
the 1-year, 24-hour storm event. All storm events have peak water elevations in the detention facility 
below the emergency spillway (414.00). It appears detention is occurring during each of these storm 
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events. Table 7 shows how the peak discharge rate from the detention facility compares with the 
theoretical undeveloped analysis of the project site. Detention appears to not reduce peak runoff rates 
for storms greater than 5-years, 24-hours.  
Storm-Event Pre-development Post Development 
2-year, 24-hour 0.806 0.177 
5-year, 24-hour 2.22 0.945 
10-year, 24-hour 3.68 4.12 
25-year, 24-hour 5.93 10.03 
50-year, 24-hour 7.91 15.82 
Table 7: Theoretical Pre/Post Development Peak Flow Analysis 
   
Hydraulic Analysis 
 As mentioned, a hydraulic analysis is required to obtain a time of concentration for computation 
of the SCS hydrographs to predict detention basin performance.  The maximum stage-storage elevation 
computed during each storm event was then used as a boundary condition for the hydraulic analysis of 
the existing stormwater conveyance facility. According to Table III-3 in the UNC-CH Stormwater 
Ordinances, the system needs to be designed for a 10-year storm event providing 1 foot of freeboard 
from the top of the stormwater structures (11). 
 The as-built survey in Appendix B was placed into Civil 3D and properly scaled. Smart objects, or 
AutoCAD blocks that carry information that can be used for other executables in Civil 3D, were placed at 
all stormwater structures that appeared on the map. Smart object pipes connected the stormwater 
structures. All invert elevations were based upon the as-built survey. This information was exported to 
Hydraflow Storm Sewers, a hydraulic analysis extension of Civil 3D, where the drainage basin and time 
of concentration information found in Table 4 was inputted. Table 8 shows the numerical results and 
18 
 
Figures 3 &4 show the pipe profiles with maximum hydraulic grade line (HGL) information. The HGL 
indicates the water level relative to the storm structure rim elevations.  
Pipe 
Velocity 
(fps) 
Downstream 
HGL (ft) 
Upstream 
HGL (ft) 
Freeboard 
Lower 
Structure (ft) 
Freeboard 
Upper 
Structure (ft) 
ST1-ST2 4.13 412.65 412.69 5.24 5.21 
ST2-ST3 5.33 412.69 413.89 5.21 3.66 
ST3-ST4 5.49 414.40 414.59 3.15 3.01 
ST4-ST5 5.16 414.73 418.79 2.87 8.21 
ST5-ST6 6.85 418.79 420.65 8.21 5.20 
ST6-ST7 4.44 420.65 430.98 5.20 5.77 
ST7-ST8 2.46 430.98 431.66 5.77 4.44 
ST3-ST10 1.84 413.89 414.66 3.66 3.59 
ST10-ST11 2.74 414.66 418.17 3.59 5.23 
ST11-ST12 3.08 418.17 422.64 5.23 3.46 
ST11-ST13 1.39 418.17 420.41 5.23 3.69 
ST6-ST9 1.54 420.65 420.63 5.20 5.12 
Table 8: Hydraulic Information from 10-year Storm Event 
Lower Structure: Structure which pipe flows into. Will be the lower number structure 
Upper Structure: Structure which pipe flows out of. Will be the higher number structure 
 
 Table 8 shows that there is enough freeboard available to meet UNC-CH ordinances. Figures 3 & 
4 both show that the pipes are under gravity flow in a 10-year storm event except for ST1-ST2 which is 
surcharged while emptying into the underground detention facility. 
 These simulations indicate that the existing stormwater conveyance system would function as 
intended; maintain open channel flow with adequate freeboard from the structure’s rim elevation. Peak 
water surface elevations during 1-year, 24-hour up to 50-year, 24-hour storm events indicate that runoff 
detention is occurring. When the project area was analyzed for undeveloped conditions (Table 7), 
detention appears to reduce peak runoff rates for 2 and 5-year storm events but not for 10, 25, and 50-
year storm events. The functionality of the underground detention facility is outside the scope of work 
for this project, but it does introduce two key takeaways for future analysis. The first is since the 
detention facility is detaining runoff up to a 50-year storm event, there is no lost opportunity for storage 
that could be used for irrigation purposes. If proper detention was not occurring for the 50-year storm 
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event, there would need to be an addition of volume to the SCM. That addition of volume would 
increase the performance of the SCM to act as a cistern.   Secondly, if further analysis indicates more 
detention is necessary to meet peak flow requirements, the additional storage will decrease the need 
for any backup water source for irrigation demand.    
PART III- Rainwater Harvester Analysis 
Rainwater Harvester Version 3 Overview 
North Carolina State University Biological & Agricultural Engineering Department (NCSU-BAE) has 
developed an NCDEQ approved tool to size rainwater cisterns called “Rainwater Harvester”. The NCDEQ 
Stormwater Manual states that Version 3 must be used, yet a user manual was not created for this 
version. Version 2’s manual was used as a reference to how the program functions. The Rainwater 
Harvester model simulates the performance of a rainwater cistern, using historical rainfall data to 
evaluate a daily or hourly water balance. The model is intended to assist designers in sizing a rainwater 
harvesting cistern based upon rainfall inputs and anticipated usage. The inputs that are required for the 
program are the drainage area (which the program calls “roof area”), capture factor (fraction of 
rainwater captured in cistern, the rational C-Value will be used as an estimate), city, water and sewer 
costs, nitrogen concentration of effluent, cistern size, cistern cost, required backup water supply, and 
irrigation demand. The city selected in the program will alter the water and sewage rates (based on 
2010 rates) used to determine savings from not using municipal water. This information is ignored since 
correct pricing data for Orange County Water and Sewer Authority (OWASA) was provided. The cistern 
cost is set to $0 since it already exists, and the nitrogen concentration is neglected since the cistern will 
not be providing nitrogen removal.  
The program does not have the capability of only allowing passive drawdown for certain months in the 
year. The passive drawdown can be assumed throughout the year and a significant error is introduced 
where rainwater is no longer being stored in the system for more than two to five days. This will greatly 
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increase the demand for a secondary source. When no passive drawdown is accounted for (which is how 
the Rainwater Harvester program was run), the program can accurately calculate the supply that can be 
provided by the cistern and needed from the secondary source. However, in the months where 
irrigation is not occurring, rainwater will have no way of escaping the system and will theoretically 
overflow. When the first month of annual irrigation begins, the cistern will be full. This will artificially 
decrease the amount of rainwater captured in the cistern. Since we are unable to properly analyze a 
mass balance on an annual basis, it is not possible to determine an estimate of runoff captured.  
 Rainfall data for different regions of North Carolina are preloaded into Rainwater Harvester and 
cannot be edited. Chapel Hill is not one of these regions but “RDU” is. This region best describes the 
location of the project site since Chapel Hill is associated with the RDU (Raleigh-Durham-University) 
area. Rainwater Harvester will run its mass balance on hourly time steps or daily time steps. It is based 
on the rainfall data selected within the program. RDU has rainfall information available for hourly time-
steps from January 1, 1990 to December 31, 2005 and daily rainfall data from November 1, 1973 to 
October 31, 2003. The hourly rainfall data was used since the data includes more recent data.  
Rainwater Harvester asks the user to choose the hours when irrigation is occurring. Irrigation demands 
were set from 6:00 AM to 12:00 PM on Monday Wednesday, and Friday of every seasonal irrigation 
month. These time periods were chosen arbitrarily knowing irrigation will occur in the morning and 
multiple times a week. Rainwater Harvester has the program input daily irrigation demands for each day 
of the week for a given month. The daily demand is evenly distributed for each hour of irrigation. For 
example, if 600 gallons of irrigation demand is inputted for Mondays in July and irrigation is to occur 
from 6:00AM-12:00PM, each hour will have 100 gallons of irrigation demand.  
 The program runs an hourly mass balance of water coming in and out of the system. It first 
adds the runoff coming into the cistern (Drainage Area x Rainfall Depth x Capture Factor) then 
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subtracts the volume needed for demand. The remaining volume is carried over to the following 
time step.  Once the stored runoff volume reaches zero, the program begins using the backup water 
source. The program continues to use the backup volume source until sufficient runoff is added to 
the system. The program runs this hourly mass balance for 15 years (1990-2005). 
  
The program instructs the user to input the following items: 
• Roof Area (Drainage Area) 
• Capture Factor (Rational C-
Value) 
• City 
• Water Cost 
• Sewer Cost 
• % Discharge to Sewer 
• Water Quality Depth 
• Cistern Cost 
• Water Quality Variables 
• Backup Water Supply 
Trigger to Start and 
End 
• Optimal/Designated 
Volume (gallons) 
• Passive Release Rate 
 
 
The items in bold are pertinent to this study’s analysis. The City, water/sewer cost, and % discharge to 
sewer are all for internal calculations of savings the cistern will provide. For this study, these calculations 
will be done using Microsoft Excel in the net present value cost analysis. The drainage system has a 
hydrodynamic separator acting as a water quality control measure for the SCM. Any water quality 
control or nutrient removal the cistern provides is moot. The cistern will not be expanded, therefore 
there is no additional cost for constructing the cistern. 
Implementation 
 The report must consider two different time periods. Sixteen years of Rainwater Harvester 
rainfall data was used to determine the mass balance within the cistern. Rainwater Harvester will run a 
mass balance over these sixteen years. When discussing the time period occurring within Rainwater 
Harvester, the term program-years will be used. Sally Hoyt provided ten complete years’ worth of 
irrigation demands that vary greatly on an annual basis (as can be seen in Table 1). These ten different 
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demand profiles are referred to as demand years. Ten separate mass balance analyses were performed 
in this study using a) the program-years of rainfall data matched with b) one of the demand years 
profiles of irrigation demands. 
The drainage area and capture factor are 3.58 acres and 0.59, respectively. The “backup water 
supply trigger volume” communicated to the program when it was necessary to use a secondary source 
to begin recharging the cistern. The user indicates the lowest capacity percent of the total cistern 
volume at which the backup source will be needed and at what percent capacity of the total cistern 
volume the secondary source will stop.  
The Rainwater Harvester algorithm assumes that any backup volume is supplied to the cistern. 
The proposed irrigation system will not involve any discharge from the secondary source to the cistern. 
Rather, at the point where the cistern is sufficiently empty to trigger the backup source, pumping from 
the cistern will cease, and the irrigation sprayers will be served directly by the pressurized flow from the 
secondary source (whether potable or non-potable will be discussed later). The design objective is that 
the irrigation system would use as much rainwater as it can since there is no charge for using rainwater. 
Therefore, the secondary source will only begin to be used when the cistern has zero percent storage 
and cease when runoff is available in the cistern.  
The Rainwater Harvester model performed mass balances to determine how much rainwater 
was available in the cistern. In each time step, any captured runoff would be added to the cistern before 
the withdrawal to meet demand is computed and considered. As the proposed irrigation system was 
modelled, it would always use any available water in the cistern first, and then use the secondary source 
only when there is nothing in the cistern.  
The “cistern” to be modelled for this analysis was the existing underground detention facility, 
and the volume was designated at 162,686 gallons (21,748 cubic feet). In a meeting with Sally Hoyt and 
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Pete Kolsky (4), it was agreed that it would be in the client’s best interest to revise the current passive 
drawdown system, which currently consists of a 1.25” and an 18” orifice drilled into the concrete outlet 
control structure. Gate valves would be retrofitted into the orifices so that they can be closed once 
seasonal irrigation begins and opened to permit passive drawdown in those months where irrigation is 
not required. For modelling purposes, (when critical demand will occur when the gates are shut,) 
passive drawdown was set at zero; both orifices will be sealed to keep water that can be used for 
irrigation from constantly leaving the system. Gate valves will be installed at the two orifices to seal the 
orifices during the irrigation season and open them outside the season.  
The remaining variable to address was the irrigation demand. Tables 1 indicates that demand 
varies widely year-to-year. Table 2 shows the average monthly demand, the standard deviation of 
monthly demand, and the ratio of these two values. Because of this high variability, it was more useful 
to see how the cistern performs in each of the available demand-years of available data, rather than 
simply taking an “average”, that will suppress the potentially significant roles of program-years that are 
wetter and dryer than “average”. Rainwater Harvester allowed users to input daily irrigation demands 
for each month and the hour of the days when irrigation will occur. Arbitrarily, irrigation was chosen to 
occur on Mondays. Wednesdays, and Fridays from 6:00 AM to 12:00PM. The monthly irrigation 
demands shown in Table 1 were divided by 12 (4 weeks in a month, 3 days a week) and inputted into 
the program. During initial runs, it was noticed that the average annual demand did not match the 
actual annual demand from the meter readings. Table 9 shows there is more than four Monday’s, 
Wednesday’s, or Friday’s a month on average in a given demand-year. The program irrigated more than 
proposed causing higher demands for the demand-year. Each monthly demand from Table 1 was 
uniformly adjusted for each demand-year. The updated demands and adjustment factors are shown in 
Table 10. 
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  2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 
Monday 4.42 4.33 4.33 4.33 4.33 4.42 4.33 4.33 4.33 4.33 
Wednesday 4.33 4.42 4.33 4.33 4.33 4.33 4.33 4.42 4.33 4.33 
Friday 4.33 4.33 4.33 4.42 4.33 4.33 4.33 4.33 4.33 4.42 
Table 9: Average monthly count of a day of the week.  
Since demand assumed there were four of each day in a given month, Rainwater Harvester produced too much irrigation 
demand. 
 
Adjusted 91% 94% 91.2% 91.8% 91.5% 91.4% 91% 89% 92% 92% 
Month 
2007 
(gal) 
2008 
(gal) 
2009 
(gal) 
2010 
(gal) 
2011 
(gal) 
2012 
(gal) 
2013 
(gal) 
2014 
(gal) 
2015 
(gal) 
2016 
(gal) 
January 0 0 0 0 0 0 0 0 0 0 
February 0 0 0 0 0 0 0 0 0 0 
March 228 0 0 0 76 0 0 0 0 459 
April 13651 0 0 6271 2973 2284 0 0 0 536 
May 19643 1487 12082 19119 21952 10202 152 1857 229 2833 
June 28061 9940 22416 11777 27822 10354 11655 20645 21314 2450 
July 24193 16906 22036 22255 23020 27255 16758 27403 21161 13244 
August 27378 19098 18844 15754 17836 10430 15616 27328 18793 8038 
September 30260 20742 11930 39615 4573 15683 10741 14407 12376 27100 
October 14865 5714 4331 13536 0 6243 15006 14927 12528 8421 
November 0 2113 3115 8260 0 0 0 2822 2903 5129 
December 0 0 0 0 0 0 0 0 229 0 
Table 10: Adjusted Daily Irrigation Demands for a Given Month for Loadstar Meter #005906643 
 
 Simulations produce the following pertinent output: 
• The average annual irrigation demand (Annual Water Usage) over the 15 program-years 
of internal mass balance Rainwater Harvester analysis. 
• The volume drawn from secondary supply to meet that demand (Annual Backup Water 
Usage) 
• The percent of time steps where demand cannot be met as the cistern is empty (Dry 
Cistern Frequency) 
As previously discussed, the rainfall data could not be adjusted. Also, Rainwater Harvester did 
not allow the user to pick for which months the mass balance should be considered, nor did it allow the 
user to present passive drawdown only in certain months. This created a problem where the program 
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assumes the cistern is full when irrigation begins. For example, in 2008 the cistern would not have any 
demand from December 1 to April 30 (NOTE: As discussed in Section I of the report, Rainwater 
Harvester is running its mass balance using rainfall data from 1990-2005. All results will be given as the 
total demand over 16 program-years of mass balance analysis and divided by 16). This introduced two 
errors in the results. The Rainwater Harvester model assumes the cistern would be full at the onset of 
irrigation demands. The annual backup water usage would be artificially low, and the model would 
falsely suggest that the secondary source would not be needed until later in the program-year. Other 
useful information the model presented (such as the percent or rainfall the cistern was able to capture 
and the frequency the demand was needed but the cistern was dry) was, in fact, somewhat inaccurate. 
An example of this is during the non-irrigation season, the model assumed that the cistern is overflowing 
when in reality the orifices would be open, and the system would be emptying.  
A solution was formulated for the first issue of the cistern capacity, yet a proper solution could 
not be discovered for the second issue of incorrect of rainfall capture and empty frequency. The false 
assumption of a full cistern at the start of demand was solved by running a pseudo simulation with very 
high irrigation demands the month before real irrigation demands started. This was called the pseudo 
month. In the pseudo month, an irrigation demand of roughly 1/3 of the total cistern volume was set 
every day. This best imitates the amount of water that would be leaving the system due to passive draw-
down (cisterns must completely empty in 2-5 days). Though the actual rate of drawdown was 
dependent on the available head in the cistern, this will provide a slightly conservative estimate. Note 
that a 1-year storm event filled up about 60% of the cistern. Therefore, unless a 1-year storm-event 
happened in the two days before the first month of irrigation, the cistern will most likely be empty.  
In Rainwater Harvester, the program was run once to achieve what the backup demand would 
be if the cistern were theoretically full. This is called the “Original Backup Volume”. The program was 
run again with the pseudo demands (1/3 of the cistern volume) every day during the pseudo month. The 
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backup volume required for this run is called the “Pseudo Backup Volume”. From the Pseudo Backup 
Volume, the artificial demand (that reflects passive drawdown) that was added in the pseudo month 
needed to be removed. This was calculated by multiplying 1/3 of the cistern volume by the days in the 
pseudo month (28 days was used if the pseudo month was February). The simulated cistern would, 
however, start this period full due to 5-7 months of collected rainfall. Also, the program had rainfall that 
would be removed by passive drawdown during this period. The volume of this rainfall needed to be 
removed from the pseudo demand since Rainwater Harvester used these volumes to meet demand and 
they would not show up in the computed backup volume demand. Since the rainfall data and the 
demand data do not align, an assumption needed to be made regarding the volume of rainfall that will 
occur doing the pseudo month. Using the sixteen years of rainfall data used in Rainwater Harvester, the 
average monthly runoff for the area was calculated and converted to gallons using the equation below. 
 	
 =  ∗  ∗  ∗  
The term “D” represents the average rainfall depth for the pseudo month (in.), “A” is the drainage area 
(3.58 acres), “C” is the Rational C value to account for water lost during travel (0.59), and Y is a 
conversion constant to convert from inch-acres to gallons (27,154 gallons/inch-acre). The equation used 
to determine the Adjusted Backup Volume is below.  The seepage rate discussed earlier in the 
underground detention facility (99,970 gallons/year*0.7*percent of year is irrigation season) was also 
added as needed backup volume. Table 11 shows the results for each demand-year of analysis. 
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Year 
Pseudo 
Month 
Pseudo 
Month 
Rainfall 
(Inch) 
Volume-
Cistern 
(Gallons) 
Volume-
Rainfall 
(Gallons) 
Volume-
Pseudo 
(Gallons) 
Pseudo 
Backup 
Volume 
(Gallons) 
Loss to 
seepage 
(Gallons) 
Original 
Backup 
Volume 
(Gallons) 
Adjusted 
Backup 
Volume 
(Gallons) 
Increase 
in 
Demand 
2007 February 2.94    179,316     168,625     1,673,616     2,003,063           46,653     709,277     724,040  2% 
2008 April 2.93    179,316     168,051     1,793,160     1,581,154           40,821     143,844     176,182  22% 
2009 April 2.93    179,316     168,051     1,793,160     1,757,002           40,821     230,641     352,030  53% 
2010 March 4.64    179,316     266,129     1,852,932     1,914,310           46,653     467,486     553,475  18% 
2011 February 2.94    179,316     168,625     1,673,616     1,669,342           40,821     372,139     384,488  3% 
2012 March 4.64    179,316     266,129     1,852,932     1,545,579           40,821     134,417     178,913  33% 
2013 April 2.93    179,316     168,051     1,793,160     1,525,056           34,990       85,232     114,252  34% 
2014 April 2.93    179,316     168,051     1,793,160     1,817,397           40,821     362,907     412,425  14% 
2015 April 2.93    179,316     168,051     1,793,160     1,645,287           46,653     204,788     246,147  20% 
2016 February 2.94    179,316     168,625     1,673,616     1,424,343           52,484     138,445     151,152  9% 
 Table 11: Backup Source Irrigation Demands 
 Notice that the Original Backup Volume is not in the equation for the Adjusted Backup Volume. 
It is included to show the difference in backup volume needed when the cistern is considered empty vs. 
full at the beginning of the irrigation season. The table also shows that demand varies greatly year-to-
year. Backup demand was needed the most in 2007 and needed the least in 2013. The average backup 
volume requirement was 329,310 gallons with a standard deviation of 186,415. This is too great of a 
difference to aggregate the annual results for financial analysis.  
PART IV- Primary and Secondary Source Delivery 
Primary Source Cistern Sump Pump 
The proposed irrigation pump for the cistern must remain submerged to prevent motor burn 
out when the cistern is dry. It was also important to maximize the working cistern volume to minimize 
the necessary backup volume necessary. Therefore, a separate structure was proposed where the 
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cistern pump can bring demand to the irrigation system. The structure will consist of a sump whose brim 
elevation is equal to the lowest elevation in the outlet control structure (406.50 ft.). A 24-inch CMP will 
bring water via gravity from the existing cistern to the sump. The sump will be cylinder 5 feet in 
diameter and 5 feet deep, giving a storage volume of 98 cubic feet (733 gallons) which the pump could 
provide before going dry. A schematic of the sump can be seen in Figure 6 & 7.  
 
Figure 6: Proposed Cistern Sump Pump Profile 
Not to Scale. 
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Figure 7: Proposed Cistern Sump Pump Plan View 
Not to Scale 
 
Secondary Sources Delivery Options 
The Rainwater Harvester analysis indicated that runoff alone is insufficient to meet irrigation 
demands. A backup source was required to supplement the collected runoff. There were two available 
source options to complement the runoff in meeting the irrigation demands of the area. The first was 
the existing potable supply which is currently serving as the sole source. The second was a reclaimed 
water line serving a University water chilling plant. The reclaimed water line would need to be tapped 
and extended roughly 500 feet in order to be serviceable for irrigation.  
The reclaimed water used for irrigation must meet the requirements for Type 1 wastewater 
effluent, the less strict standards for wastewater effluent reserved for land application where direct 
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human consumption was highly unlikely. These standards are set forth in 15 NCAC O2U .0301 b in 
Appendix D. These requirements are less stringent than those set forth for Type 2 effluent, the only 
other standard.  
There were three choices to consider in how to utilize the reclaimed water for irrigation 
purposes. 
1. Route the reclaimed water directly into the cistern. 
2. Route the reclaimed water directly to the irrigation line. 
3. Route the reclaimed water directly to proposed wet well 
The first choice required the irrigation pump to be placed in the existing underground detention 
facility and the reclaimed water line to discharge into the facility when rainwater could not satisfy 
demands. This required a sensor to be placed in the cistern to allow the reclaimed water to enter the 
system once a certain level of water was reached and shut off at another determined point. This would 
introduce secondary effluent into the cistern that had the potential to overflow into the Meeting of the 
Waters, in violation of NCAC standards. The NCAC stated reclaimed water can only be used for irrigation 
and toilet flushing. Irrigation allowed nutrient removal as the water either infiltrated into the ground or 
passed through various buffers before reaching the Meeting of the Waters. Toilet flushing would end up 
back in a wastewater treatment plant.   Introduction of the reclaimed water into the cistern, however, 
offered no such assurance of water quality improvement before discharge to the stream. 
A storage basin for reclaimed water must meet strict standards regarding the liner encasing 
basin. The storage facilities must also have a minimum of two feet protection from 100-year flood. The 
detail for the detention facility showed PVC liner is in place around the #57 stone but did not give details 
about the material. The local representative for Contech Engineered Solutions was contacted on March 
14, 2018 to discuss the nature of the material but no response was given.  Also, the analysis previously 
done on the existing detention facility estimated 0.58’ of freeboard existed for a 50-year storm event. 
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The lack of knowledge regarding the lining and the lack of freeboard that would be provided during a 
100-year storm event concluded this was not a viable choice. 
The second choice was to connect the reclaimed water directly into the existing irrigation line. 
Figure 9 shows the layout of the cistern irrigation line and reclaimed waterline.  If the potable waterline 
is not disconnected and still used to supplement the runoff and reclaimed water, certain measures will 
be needed to ensure there is not cross 
contamination such as a spool piece (3). A 
spool piece is a section of pipe removal and 
transferred manually from one line to 
another in order to ensure an air gap is kept 
from the former line A photo of a spool piece 
is shown if Figure 8.  A dual-check valve 
would be required at the potable water 
connection (15A NCAC O2U .0403 f). The 
reclaimed water distribution lines brought to the  
 
Figure 8: Spool Piece in FedEx Global Education Building on 
the campus of UNC-CH.  
An air gap is kept in the potable water line while the piece is 
secured in the non-potable water line. 
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Figure 9: Cistern Irrigation line and reclaimed water line system layout. 
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meter would have to be labeled as reclaimed water and signage would be required. 
Details for how these pipes would need to be identified are discussed in 15A NCAC O2U .0403 b. 
Though the existing irrigation system would carry reclaimed water, Sally Hoyt confirmed that the pipes 
do not have to be dug up and painted purple as required in the NCAC ordinances. The NCDEQ 
historically has allowed only the valve box covers to be changed to indicate the usage of reclaimed 
water (4). 
The third choice would have the reclaimed waterline empty directly into the proposed wet well 
where the sump pump will be located. Per NCAC requirements, the line would empty from the top of 
the structure at least two feet from the top of the max storage elevation in order to create the required 
air space between the reclaimed water and the stored water runoff that may discharge into the Meeting 
of the Waters. The reclaimed water line would need to be extend roughly 450 LF. The main advantage of 
this option is the utilization of a proposed structure and lowering capital cost of extending the reclaimed 
waterline to the irrigation tap (choice 2). 
 A sensor would be placed 2.5 feet below the top of the sump (50% of the volume) to indicate 
when the reclaimed waterline needs to be discharged into the sump. The reclaimed water will cease to 
enter the sump structure when it is at elevation 406.5 ft, the top of the sump. At an estimated irrigation 
demand of 85 gpm or 11.4 cubic feet per minute (the flow used for the fiscal analysis), the reclaimed 
water would need to flow into the sump every 4.3 minutes when the cistern is empty. 
The weakness of this design is if the cistern pump fails, there is not a readily available alternative 
to bring irrigation to the site. A goal of the design is to have the irrigation operator be able to control the 
system remotely. The operator would need to return to the site and alter the spool piece to use potable 
water as a source while the pump is being repaired. 
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Both Choice 2 and Choice 3 are reasonable options to consider for bringing reclaimed water to 
the system. Observing the fiscal portion of the analysis in Part V of this report, the fixed cost savings 
Choice 3 could experience is approximately $5,000 (between pipe cost, installation, and erosion 
control). Observing Figure 12, the net present value cost savings experienced by solely using reclaimed 
water is about $10,000 ($20,000 is a pump is not needed to bring reclaimed water to the site). There is 
potential that severe damage to the pump of its lifetime could make the two options similar in cost, 
though not likely. Ultimately, it is important to have a conservative estimate regarding the savings that 
will occur by using reclaimed water. Choice 2 was used for this reason. It is recommended that further 
research be done on Choice 3 before implementation to determine if fixed costs savings are beneficial 
enough to be considered the better option.  
Instrumentation Step Ladder 
Opening and closing the reclaimed water valve and operating the cistern pump needed basic 
instrumentation. A sensor would be placed at the bottom of the cistern at the crest of the sump. All 
irrigation demands will be based on an existing irrigation controller set by the University’s irrigation 
specialist. The irrigation circuit logic needed to occur in the following steps.  
1. When irrigation demand must be met, a submerged pump in the cistern will be turned on if 
there is water in the cistern. The butterfly valve for the secondary source will remain closed. 
2. When the sensor indicates that the cistern is dry, the cistern pump will cease. The butterfly 
valve for the secondary source will be open and it will be the sole source of supply.  
3. Once the demand ceases, the supply will be cut off and the valve to the secondary source 
will close. If irrigation demand is provided from the cistern, the cistern pump will cease.  
There is a possibility the irrigation system will malfunction. Either the cistern pump or the 
butterfly valve for the secondary source would fail to shut off and continue to provide flow to the 
irrigation system. The system needs to be retrofitted to indicate to the irrigation specialist that the 
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controller is turned off but the supply  is still being provided. The opposite can occur if the controller is 
on, but the demand is not provided, indicating that either the valve is failing to open, or the cistern 
pump has failed.  
Selection of Pump 
Selection of a pump for the cistern begins with creating a system curve based on the required 
total dynamic head. The total dynamic head to be provided by the pump would vary with flow. Table 12 
shows the calculation of total dynamic head for a given flow range. The Irrigation Supervisor in the UNC-
CH Grounds Department confirmed the irrigation system’s operating head was between 30-90 psi with 
normal operating head between 55-60 psi (6). For this analysis, an operating head of 60 psi or 138 feet 
was assumed.  The pump needed to overcome a conservative estimate of 35 feet of static head to bring 
water from the base of the pump to the irrigation mete location. There was roughly 28 feet between the 
bottom of the cistern and the irrigation meter. The elevation of the cistern meter was based on as-built 
contour data and a 2” irrigation detail from the Town of Chapel Hill that can be found in Appendix E. The 
additional head accounted for potential errors in the calculation. The last parameter in dynamic head 
was the head loss due to travel through the pipe. Since the pipe is under pressure flow, the Hazen-
Williams equation was used (12):   
- = 10.7 234
5.67
89.6:; 
In the equation, “H” is the head loss (ft), “Q” is the flow (cfs), C is the friction factor for the pipe 
(150 for new PVC, so 100 was used to be conservative), “D” is the diameter of the pipe (3.0 inches), and 
“L” is the length of the pipe. Though the exhibit in Appendix E shows the line to be 520 LF, 550 LF was 
used assuming addressing utility conflicts will add length to the pipe.  
The flow for the pump was determined from the demand data given. Prior to implementation, 
the actual irrigation flow rate will need to be determined. The adjusted daily irrigation demands in Table 
10 were used to estimate what the irrigation flow rate would be. The following parameters were 
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converted from gallons per day to gallons per minute (gpm). Using all non-zero daily flows, the mean 
flow was 37 gpm and the median was 8 gpm. The maximum flow was 110 gpm. The actual flow provided 
to the irrigation meter most likely was somewhere between the average and the max. Figure 10 shows 
the system curve and the range the pump curve needs to lie in. Table 12 also shows the power 
requirement to be delivered by  the pump. It was done using the equation below. 
<=
> = ?3ℎ 
The power required to operate the pump is equal to the above number divided by the “wire to water” 
efficiency of the pump. This efficiency is the product of the motor and pump efficiencies.  
In the equation, ? specific gravity (lb/ft3), Q is the flow rate (cfs), h is the dynamic head (ft), and 
C is a constant to convert the equation to kilowatts (1/738). 
GPM CFS Operating Head (ft) Static Head (ft) Pipe Loss (ft) TDH (ft) Power (kw) 
0 0.00 138 35 0 173 0.00 
10 0.02 138 35 0 174 0.33 
20 0.04 138 35 2 175 0.66 
30 0.07 138 35 3 176 1.00 
40 0.09 138 35 5 179 1.34 
50 0.11 138 35 8 181 1.70 
60 0.13 138 35 11 185 2.08 
70 0.16 138 35 15 188 2.47 
80 0.18 138 35 20 193 2.89 
90 0.20 138 35 24 198 3.33 
100 0.22 138 35 29 203 3.79 
110 0.25 138 35 35 208 4.28 
120 0.27 138 35 41 215 5.80 
Table 12: Total Dynamic Head Calculations 
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Figure 10: System Curve for the Cistern Pump based on a 60 psi of Operating Head.  
Black bars indicate possible range of Irrigation discharge rate (gpm). The pump curve for a Grundfos 85S75-5 - 12B63605 Pump 
is shown in the graph. The pump was selected for operations of 85 gpm which will occur with roughly 195 ft of dynamic head.  
 
 Grundfos Pumps Product Center website allows prospective customers to input total dynamic 
head, flow, and pump application. The site then provides a list of products which can match the 
determined flow and head. Note that when a pump curve is placed over a system curve, their 
intersection is where the pump shall operate. Three design points were chosen to represent the two 
extremes from Figure 10 and a point lying in between. A pump was chosen whose pump curve would 
come closest to intersecting with the design point. Note that there is little difference between the cost 
of the irrigation pumps. Figure 10 shows the pump curve for an 85 gpm demand. 
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Product 
Name 
Actual 
Flow 
(gpm) 
Resulting 
Head (ft) 
Efficiency 
Initial 
Cost* 
Manufacturer 
NPSH (ft) 
Dimensions 
(Height/Diameter) 
Low Flow Region (37-60 gpm) 
85S50-4 50.8 191.1 66% $3,671 22.44 1.66’/5.28” 
Mid Flow Region (60-90) 
85S75-5 85 195 73.3% $4,528 23.87 1.92’/5.47” 
High Flow Region (90-110) 
85S100-7 103 215.2 66% $6,347 27.08’ 2.32’/5.47” 
Table 13: Potential Cistern Pump Descriptions. *Initial Costs based on USA BlueBook website 
 The potential of cavitation needed to be considered. If the calculated net positive suction head 
(NPSH) was lower than the manufacture’s available NPSH, cavitation will occur. The equation for NPSH is 
ABCD8AEBFGH
I − J −
KLM
NI − ℎ*where z is the vertical distance between the surface of the liquid and the 
centerline of the pump and hfs is the suction losses in the pump. During a 295K day (70 degrees F) the 
atmospheric pressure in Chapel Hill was 33.93 ft, the vapor pressure 0.84 ft, the suction lift roughly 0 
feet since the pump centroid was roughly at the top of the sump, the flow loss for an 85 gpm flow was 
0.23 ft, and the pump’s suction head loss was 1.6 ft. This produces a NPSH of 31.26 which is well above 
the manufacture’s requirements.    
 The head available at the abandoned reclaimed water line was unknown. There is a potential 
that a pump would be needed to be added to overcome the head loss that would occur due to 
extension. If mid-flow conditions are considered (80 gpm), the total dynamic head a pump would need 
to provide 139 feet of operational head, 30 feet of static head, and 34 feet due to pipe losses equaling 
203 feet of head. Once the pressure available in the pipe is known, the potential supplemental pump 
can be chosen. 
Part V: Net Present Value Financial Analysis 
 There are four options available for irrigation demand to be provided to the meter: 
• Option 1: 100% of irrigation demand is from the potable water main. The underground 
detention facility will not be converted into a cistern. No waterlines will be extended. This is 
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how the irrigation system is currently operating.  This can be considered the base case, or “no 
action alternative.”  
• Option 2: Convert the underground detention facility to a cistern and use it as a primary source 
of irrigation demand. Potable water will be used as the secondary irrigation source 
• Option 3: Convert the underground detention facility to a cistern and use it as a primary source 
of irrigation demand. Extend the reclaimed water line and use it as the secondary irrigation 
source. 
• Option 4: Extend the reclaimed water line and use it as the primary irrigation demand source. 
The cumulative cost of each of these four options was compared for 15 years, or approximately the 
life of a submerged pump according to Grundfos (13,14). The initial costs of Option 2, 3, and 4 
needed to be calculated first. 
According to the Grundfos website (13,14), the average lifespan of a pump is 10-20 years. The 
company also estimated that the operation and maintenance costs over the life time of the pump 
would amount to 5% of the total value of the pump. To be conservative, 10% of the pump’s cost 
would be paid for maintenance over the 15 years of analysis. This comes to 0.67% of the pump’s 
cost a year. According to the Department of Energy (15), motors usually operate at a peak efficiency 
of 75%. The motor was assumed to run at 60% efficiency. The extension of the reclaimed water line 
also had a fix cost associated with it.  
The head available in the reclaimed line at the chiller plant is unknown. It is assumed that a 
pump will be required to provide the appropriate head. The pricing of the pump is assumed to be the 
same as the sump pump. The electrical costs to operate the pump will also be considered.  
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Table 14 represents the fixed cost associated with Option 2. Table 15 Takes the fixed cost 
associated with cistern improvement from Table 14 and adds additional costs for the reused water line 
extension. Table 16 shows the fixed costs associated with Options 4. 
Item Parameter Cost/Unit Unit  Total Cost  
Grundfos 85S75-5 12B63605 Lump Sum  $  4,528.00  1  $    4,528.00  
Meter Fees Lump Sum  $  1,390.00  1  $    1,390.00  
3" PVC LF  $          2.30  550  $    1,265.00  
Mulch SY  $        25.00  170  $    4,250.00  
Sump Pump Installation LS  $  6,258.00  1  $    6,258.00  
PVC Pipe Excavation CY  $        20.00  81  $    1,629.63  
Tees Item  $          5.00  5  $          25.00  
Irrigation Control and Valve Installation LS  $  3,283.28  1  $    3,283.28  
Engineering Department Plan Review 
Fee 
Lump Sum  $     850.00  1  $        850.00  
Utility Coordination Fee Lump Sum  $  2,500.00  1  $    2,500.00  
E&S Inlet Protection Item  $     100.00  1  $        100.00  
E&S Silt Fence LF  $          2.50  1100  $    2,750.00  
Survey Fee Lump Sum  $  1,100.00  1  $    1,100.00  
Contingency 30%      $    8,978.67  
UNC-CH Project Manager Fee 
4% of total Project 
Cost 
 -  -  $    1,556.30  
Total        $  40,104.74  
Table 14: Fixed Cost Associated with Option 2 
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Item Parameter Cost/Unit Units Total Cost
Cistern Fixed Cost Lump Sum 20,009.28
Grundfos 85S75-5 
12B63605
Lump Sum $4,528.00 1
$4,528.00
3" PVC LF 2.30$         930 2,139.00$    
Mulch/Sod SY 25.00$       337 8,416.67$    
PVC Pipe Excation CY 20.00$       138 2,755.56$    
Existing line tappingLump Sum 500.00$    1 500.00$       
Tees Item 5.00$         5 25.00$          
E&S Silt Fence LF 2.50$         1860 4,650.00$    
Contingency 30% 6,904.27$    
TOTAL 49,927.77$  
Table 15: Fixed Cost Associated with Option 3 
 
Item Parameter Cost/Unit Unit  Total Cost  
Grundfos 85S75-5 12B63605 Lump Sum  $  4,528.00  1  $    4,528.00  
Meter Fees Lump Sum  $  1,390.00  1  $    1,390.00  
Irrigation Control and Valve Installation Lump Sump $3,283.28  1  $    3,283.28  
3" PVC LF  $          2.30  930  $    2,139.00  
Mulch/Sod SY  $        25.00  207  $    5,166.67  
PVC Pipe Excavation CY  $        20.00  138  $    2,755.56  
Tees Item  $          5.00  5  $          25.00  
Engineering Department Plan Review 
Fee 
Lump Sum  $     850.00  1  $        850.00  
Utility Coordination Fee Lump Sum  $  2,500.00  1  $    2,500.00  
E&S Inlet Protection Item  $     100.00  1  $        100.00  
E&S Silt Fence LF  $          2.50  1860  $    4,650.00  
Survey Fee Lump Sum  $  1,100.00  1  $    1,100.00  
Contingency 30%      $    8,546.25  
UNC-CH Project Manager Fee 
4% of total Project 
Cost 
 -  -  $    1,139.50  
Total        $  38,173.25  
Table 16: Fixed Cost Associated with Option 4 
Appendix E contains the historical pricing data for water over the past 25 years. From 1993 until 
2017, water prices increased an average 3.1% a year with a median of 2.6%. For the case of this study, it 
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is assumed that potable water, non-potable water (reclaimed water), and operation & maintenance 
costs increased by 3% a year. There were ten analyses done representing the calculated secondary 
demands from 2007-2016. The following equation was used to determine the net present value cost 
(NPVC): 
O< = P (< + RR + S + T&S)(1 + V)
W
(1 + )W
57
WXY
 
“y” is the age of the pump in year (y=0 is only the fix cost), “P” is the cost to power the pump in a given 
year (kwh of mid-flow pump * 6 hours a day * 12 days a month * months in the irrigation season), “SS” 
is the cost of the secondary source, “M” is the meter fee if potable water is used, “O&M” is the 
operations and maintenance fee ($4,528 * 0.0067=$30.19), and “d” is the discount rate. The American 
Society of Civil Engineers makes arguments for rates between 6%-8% (16).  7% was used.  The charts can 
be found in Appendix F. 
 A summary of the 10 demand year’s NPVC analysis can be found in Table 17. Option 2 and 
Option 3 Present themselves as the most financially beneficial options. Using reclaimed water instead of 
potable water can save the University around $57,000 over 15 year. The analysis shows that Option 4 
would produce savings, but about a third achieved by Option 2 &3 with potentially a  similar 
construction timeline. Figure 11 shows how the NPVC varied for each demand year. Figure 12 shows 
how the average NPVC, savings, and % reduction in NPVC  for Option 2, 3, and 4 compare. 
 
Mean Median Max NPVC Mean Saving 
Compared to Option 1 
Option 1 
Potable water only 
 $  143,058.03                                                        $  134,820.52 $  222,757.47   $                  -    
Option 2 
Cistern + potable water 
 $    90,446.06   $    87,463.25   $  130,278.04   $   52,611.97  
Option 3 
Cistern + reclaimed water 
 $    78,491.06   $    76,614.45   $  104,748.54   $   64,566.97  
Option 4 
Reclaimed water only 
 $  125,275.06   $  119,921.60   $  177,070.78   $   17,782.97  
Table 17: The mean, median, and max net present value costs for the four options.  
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Mean is sum of 10 years NPVC/10. Complete data can be found in Appendix F 
 
 
Figure 11: NPVC for each Demand Year. 
  
Figure 12: NPVC Saving Summary 
PART V- Permitting Process 
 The University of North Carolina at Chapel Hill determines the process of design based on the 
construction cost. Since the cost of construction is estimated to be between $30,000 and $299,999.99, 
the design of the cistern and utility layout will be managed by UNC-CH Engineering Services. 
Construction will be managed by UNC-CH Construction Services. The design will most likely be done by a 
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University engineer or an outside designer selected from the Open-Ended Design Agreement (OEDA). 
The construction of the project must be put to bid using on-call contractors. Approval of the design shall 
be done by UNC-CH staff and not the State Construction Office or Board of Governors. 
 Plans must be submitted to the UNC Stormwater Engineer who will distribute plans internally to 
necessary parties. In the initial plan set, the following plans are necessary: 
• Existing Conditions Plan 
• Demolition Plan 
• Proposed Site Plan 
• A preliminary stormwater report 
• Once the University Engineer has 
addressed initial concerns and 
questions, a construction set of 
documents need to be prepared. The 
following items need to be included in 
this submittal Existing Conditions Plan 
• Demolition Plan 
• Proposed Stormwater Plan 
• Storm Drain Profile Sheet 
• Stormwater Detail Sheet 
• Landscaping Plan 
• Land Cover Plan 
• Stormwater Management Report 
• Specifications 
• Pertinent Calculations 
• SCM Operation and Maintenance Plan 
A detailed description of what should be included in each of these items in discussed the UNC-CH 
Stormwater Manual (11). According to Sally Hoyt, approval from the various departments is estimated 
to take 1-3 weeks but can depend on department backlog and additional comments that need to be 
addressed. Approval must be given from the UNC Stormwater Engineer, OWASA, the Chilled Water 
distributor, and the UNC Parking & Transportation Department. During construction, shop drawings 
should be submitted to the contractor along with O&M reports. The design engineer shall oversee SCM 
retrofits and sign off on as-built drawings. Before the project can close, a video must be submitted to 
the University Engineer showing all storm structures and pipes. The University Engineer shall walk 
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through the site and give final approval. Remaining as-built drawings, revised calculations, and revised 
O&M plans will be submitted to the University Engineer. 
 The reclaimed water line extension will be permitted according to the ordinances set forth in 
the North Caronia Administrative Code (NCAC). The system will be permitted as a conjunctive system 
(demand is not required for the wastewater treatment facility o properly function). The system will 
require less than 10,000 gpd and be considered a minor permit. Applications will be made to the North 
Carolina Division of Water Resource and will carry a $245 fee. Permit approval takes usually less than 90 
days. Permits are valid for 5 years and renewal forms need to be submitted at least 180 days in advance. 
Further descriptions of permitting requirements can be found in Appendix G. 
 The optimal time for construction is during UNC-CH winter break from mid-December to early-
January. Irrigation demand data indicates the irrigation system will not be needed during this time. Since 
less activity will be occurring in Baity Hill during this time, construction schedules should be shorter than 
under usual conditions. Construction should not be occurring earlier than November or later than 
February as data indicates irrigation demand will be required.  
PART V- Information Needed for Proper Consideration 
 Though enough information is available to determine which of the four options is most 
financially feasible, aspects of the design need to be better understood before a proper conceptual 
design can occur. Primarily, the pressure available at the reclaimed water line needs to be known, so 
that the hydraulics of the common irrigation line into which the reclaimed water line and cistern flow 
can be understood, to permit appropriate selection of a cistern pump.. A proper survey may indicate 
that the static head required for the cistern pump is significantly greater or less then what is in this 
report. The layout of the irrigation system is currently unknown. The head required for the system to 
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operate is based on required head at an irrigation meter. The actual operating head requirement for the 
irrigation system needs to be discovered to recalculate a proper system curve. 
 The flow required for irrigation was unknown and roughly estimated at 80 gpm. An irrigation 
specialist needs to confirm the flow to correctly calculate the system curve, the net positive suction 
head, and to select the correct pump. The ten years of irrigation demand shows a wide variety of annual 
demands with operating months ranging from five to nine months. What was never understood was 
what drove the irrigation demand. When this is understood, a better estimate of future irrigation 
demands, and financial benefits can be calculated.   
PART VI- Conclusion 
 Initial analysis showed that the existing underground detention facility and stormwater 
conveyance system performed properly hydraulically but the detention facility is potentially undersized 
and cannot detain a 50-year storm event as required by NC-DEQ. Converting the facility into a rainwater 
cistern would achieve short and long-term financial benefits for the University of North Carolina at 
Chapel Hill. Extending the reclaimed water line from the water chiller plan will allow for the greatest 
reduction in spending over a 15-year period. The 15 year-cost net present value savings will be 
extremely similar between Option 2 (cistern plus potable water) and & 3 (cistern plus reclaimed water) if 
a reclaimed water pump is required. The majority of  the work can be done in-house potentially at a 
discounted rate.  
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Glossary 
AutoCAD Civil 3D: A Computer Aided Design Software that allows objects to be placed in three 
dimensions 
Chambers: Series of uniformly geometrically shaped structures used for runoff storage. 
Cistern: Stormwater control measure designed to store rainwater and only discharge for irrigation 
purposes 
Demand: Irrigation required at a certain time. 
Detention System: Stormwater control measure which detains runoff for a designated amount of time. 
Passive drawdown will eventually lead the system to empty 
GPM: Gallons per minute 
Hydraulics: Study of the movement of water through closed systems 
Hydraulic Grade Line: The energy potential of flowing water sans the velocity head.  
Hydrology: Study of the movement of water through open systems 
Operating Head: The pressure head required at the irrigation meter for the irrigation system to operate 
as designed and without damaging the laterals or sprinkler heads.  
Outlet Control Structure: A stormwater control measure designed to retard the flow from a system at a 
predictable rate. 
Passive Drawdown: Discharge from a stormwater control structure whose flow is dependent on the 
head provided in the system. 
Post-Development Conditions: The state of a site after construction is complete and the site is 
operating as designed. 
Pre-Development Conditions: The state of a site before construction takes place Rainwater Harvester: 
A product of North Carolina State University that rapidly calculates water mass balance in a 
cistern 
Pseudo Demand: The average annual secondary volume in Rainwater Harvester when demands are 
added to the pseudo month. 
Pseudo Month: The month before the beginning of the irrigation season in a given year 
Pseudo Volume: The total irrigation demand added in the pseudo month 
Retention System: Stormwater control measure which permanently detains a designated volume of 
runoff while temporary detaining runoff discharged from the system by passive drawdown. 
Rim Elevation: The elevation at the entrance to a storm structure. Unless the structure is protruding 
from the ground, it is the ground elevation.  
Smart Object: A block placed in plan-view in AutoCAD Civil 3D that represent engineering objects and 
contain imbedded information.  
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Secondary/Backup Volume: The amount of an outside source necessary to supplement rainwater for 
annual irrigation demand  
Stage: The water surface elevation relative to the datum.  
Stage-Storage: The relationship between the water elevation in a facility and the amount of storage 
available. 
Stormwater Control Measure (SCM): An engineering system designed to control stormwater runoff 
and/or reduce nutrient loads and total suspended solids. 
Underground Detention Facility: A sub-terrain stormwater control measure (SCM) designed to detain 
stormwater runoff and control the rate of discharge through passive drawdown. 
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Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.
Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.
Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).
Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.
The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.
Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.
The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous 
areas in a specific area. They include a description of the soils and miscellaneous 
areas and their location on the landscape and tables that show soil properties and 
limitations affecting various uses. Soil scientists observed the steepness, length, 
and shape of the slopes; the general pattern of drainage; the kinds of crops and 
native plants; and the kinds of bedrock. They observed and described many soil 
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The 
profile extends from the surface down into the unconsolidated material in which the 
soil formed or from the surface down to bedrock. The unconsolidated material is 
devoid of roots and other living organisms and has not been changed by other 
biological activity.
Currently, soils are mapped according to the boundaries of major land resource 
areas (MLRAs). MLRAs are geographically associated land resource units that 
share common characteristics related to physiography, geology, climate, water 
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey 
areas typically consist of parts of one or more MLRA.
The soils and miscellaneous areas in a survey area occur in an orderly pattern that 
is related to the geology, landforms, relief, climate, and natural vegetation of the 
area. Each kind of soil and miscellaneous area is associated with a particular kind 
of landform or with a segment of the landform. By observing the soils and 
miscellaneous areas in the survey area and relating their position to specific 
segments of the landform, a soil scientist develops a concept, or model, of how they 
were formed. Thus, during mapping, this model enables the soil scientist to predict 
with a considerable degree of accuracy the kind of soil or miscellaneous area at a 
specific location on the landscape.
Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented 
by an understanding of the soil-vegetation-landscape relationship, are sufficient to 
verify predictions of the kinds of soil in an area and to determine the boundaries.
Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them 
to identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character 
of soil properties and the arrangement of horizons within the profile. After the soil 
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scientists classified and named the soils in the survey area, they compared the 
individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research.
The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that 
have similar use and management requirements. Each map unit is defined by a 
unique combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components 
of the map unit. The presence of minor components in a map unit in no way 
diminishes the usefulness or accuracy of the data. The delineation of such 
landforms and landform segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, onsite 
investigation is needed to define and locate the soils and miscellaneous areas.
Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, 
and experience of the soil scientist. Observations are made to test and refine the 
soil-landscape model and predictions and to verify the classification of the soils at 
specific locations. Once the soil-landscape model is refined, a significantly smaller 
number of measurements of individual soil properties are made and recorded. 
These measurements may include field measurements, such as those for color, 
depth to bedrock, and texture, and laboratory measurements, such as those for 
content of sand, silt, clay, salt, and other components. Properties of each soil 
typically vary from one point to another across the landscape.
Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties.
While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists 
interpret the data from these analyses and tests as well as the field-observed 
characteristics and the soil properties to determine the expected behavior of the 
soils under different uses. Interpretations for all of the soils are field tested through 
observation of the soils in different uses and under different levels of management. 
Some interpretations are modified to fit local conditions, and some new 
interpretations are developed to meet local needs. Data are assembled from other 
sources, such as research information, production records, and field experience of 
specialists. For example, data on crop yields under defined levels of management 
are assembled from farm records and from field or plot experiments on the same 
kinds of soil.
Predictions about soil behavior are based not only on soil properties but also on 
such variables as climate and biological activity. Soil conditions are predictable over 
long periods of time, but they are not predictable from year to year. For example, 
soil scientists can predict with a fairly high degree of accuracy that a given soil will 
have a high water table within certain depths in most years, but they cannot predict 
that a high water table will always be at a specific level in the soil on a specific date.
After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 
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identified each as a specific map unit. Aerial photographs show trees, buildings, 
fields, roads, and rivers, all of which help in locating boundaries accurately.
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.
8
9Custom Soil Resource Report
Soil Map
39
74
28
0
39
74
33
0
39
74
38
0
39
74
43
0
39
74
48
0
39
74
53
0
39
74
58
0
39
74
28
0
39
74
33
0
39
74
38
0
39
74
43
0
39
74
48
0
39
74
53
0
39
74
58
0
676170 676220 676270 676320 676370 676420 676470 676520 676570 676620
676170 676220 676270 676320 676370 676420 676470 676520 676570 676620 676670
35°  53' 59'' N
79
°  2
' 53
'' W
35°  53' 59'' N
79
°  2
' 32
'' W
35°  53' 48'' N
79
°  2
' 53
'' W
35°  53' 48'' N
79
°  2
' 32
'' W
N
Map projection: Web Mercator   Corner coordinates: WGS84   Edge tics: UTM Zone 17N WGS84
0 100 200 400 600
Feet
0 30 60 120 180
Meters
Map Scale: 1:2,330 if printed on A landscape (11" x 8.5") sheet.
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MAP LEGEND MAP INFORMATION
Area of Interest (AOI)
Area of Interest (AOI)
Soils
Soil Map Unit Polygons
Soil Map Unit Lines
Soil Map Unit Points
Special Point Features
Blowout
Borrow Pit
Clay Spot
Closed Depression
Gravel Pit
Gravelly Spot
Landfill
Lava Flow
Marsh or swamp
Mine or Quarry
Miscellaneous Water
Perennial Water
Rock Outcrop
Saline Spot
Sandy Spot
Severely Eroded Spot
Sinkhole
Slide or Slip
Sodic Spot
Spoil Area
Stony Spot
Very Stony Spot
Wet Spot
Other
Special Line Features
Water Features
Streams and Canals
Transportation
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Interstate Highways
US Routes
Major Roads
Local Roads
Background
Aerial Photography
The soil surveys that comprise your AOI were mapped at 
1:20,000.
Warning: Soil Map may not be valid at this scale.
Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.
Please rely on the bar scale on each map sheet for map 
measurements.
Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)
Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.
This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.
Soil Survey Area: Orange County, North Carolina
Survey Area Data: Version 17, Oct 2, 2017
Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.
Date(s) aerial images were photographed: Apr 27, 2014—May 
6, 2014
The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Map Unit Legend
Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
ApB Appling sandy loam, 2 to 6 
percent slopes
8.7 55.5%
ApC Appling sandy loam, 6 to 10 
percent slopes
5.7 36.2%
WmE Wedowee sandy loam, 15 to 25 
percent slopes
1.3 8.3%
Totals for Area of Interest 15.7 100.0%
Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.
A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.
Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.
The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
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landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.
An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.
Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.
Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.
Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.
A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.
An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.
An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.
Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.
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Orange County, North Carolina
ApB—Appling sandy loam, 2 to 6 percent slopes
Map Unit Setting
National map unit symbol: 2vy6t
Elevation: 70 to 1,310 feet
Mean annual precipitation: 39 to 47 inches
Mean annual air temperature: 55 to 63 degrees F
Frost-free period: 200 to 250 days
Farmland classification: All areas are prime farmland
Map Unit Composition
Appling and similar soils: 92 percent
Minor components: 8 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
Description of Appling
Setting
Landform: Interfluves
Landform position (two-dimensional): Summit, shoulder
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Residuum weathered from igneous and metamorphic rock
Typical profile
Ap - 0 to 6 inches: sandy loam
BE - 6 to 10 inches: sandy loam
Bt - 10 to 39 inches: clay
BC - 39 to 46 inches: sandy clay loam
C - 46 to 80 inches: sandy clay loam
Properties and qualities
Slope: 2 to 6 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to 
high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Moderate (about 7.9 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: B
Hydric soil rating: No
Minor Components
Helena
Percent of map unit: 8 percent
Landform: Interfluves
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Landform position (two-dimensional): Summit, shoulder
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No
ApC—Appling sandy loam, 6 to 10 percent slopes
Map Unit Setting
National map unit symbol: 3tqc
Elevation: 200 to 1,400 feet
Mean annual precipitation: 37 to 60 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 200 to 240 days
Farmland classification: Farmland of statewide importance
Map Unit Composition
Appling and similar soils: 90 percent
Minor components: 2 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
Description of Appling
Setting
Landform: Hillslopes on ridges
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Saprolite derived from granite and gneiss and/or schist
Typical profile
Ap - 0 to 6 inches: sandy loam
Bt1 - 6 to 18 inches: sandy clay loam
Bt2 - 18 to 36 inches: clay
BC - 36 to 52 inches: sandy clay loam
C - 52 to 80 inches: sandy loam
Properties and qualities
Slope: 6 to 10 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to 
high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Moderate (about 8.5 inches)
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Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Hydric soil rating: No
Minor Components
Vance
Percent of map unit: 1 percent
Landform: Hillslopes on ridges
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Hydric soil rating: No
Helena
Percent of map unit: 1 percent
Landform: Hillslopes on ridges
Landform position (two-dimensional): Shoulder, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Concave
Across-slope shape: Concave, convex
Hydric soil rating: No
WmE—Wedowee sandy loam, 15 to 25 percent slopes
Map Unit Setting
National map unit symbol: 3trf
Elevation: 200 to 1,400 feet
Mean annual precipitation: 37 to 60 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 200 to 240 days
Farmland classification: Not prime farmland
Map Unit Composition
Wedowee and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
Description of Wedowee
Setting
Landform: Hillslopes on ridges
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Saprolite derived from granite and gneiss and/or schist
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Typical profile
Ap - 0 to 4 inches: sandy loam
E - 4 to 7 inches: sandy loam
Bt - 7 to 23 inches: clay
BC - 23 to 35 inches: clay loam
C - 35 to 80 inches: sandy clay loam
Properties and qualities
Slope: 15 to 25 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to 
high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Moderate (about 8.1 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Hydric soil rating: No
Minor Components
Rion
Percent of map unit: 12 percent
Landform: Hillslopes on ridges
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Hydric soil rating: No
Wateree
Percent of map unit: 8 percent
Landform: Hillslopes on ridges
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Hydric soil rating: No
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APPENDIX C 
HYDRAFLOW STORM SEWER RESULTS 
HYDROGRAPH RESULTS 
PRECIPITATION FREQUENCY DATA 
 
 
 
 
 

Hydrograph Return Period Recap
1
Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph
No. type hyd(s) Description
(origin) 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr
1 SCS Runoff ------ 4.993 7.043 ------- 10.14 12.65 16.07 18.83 ------- 1501 Masron Farm Drive-Current
2 Reservoir 1 0.150 0.177 ------- 0.945 4.117 10.03 15.82 ------- Routed Flow
4 SCS Runoff ------ 0.206 0.806 ------- 2.223 3.675 5.931 7.912 ------- Undeveloped
Proj. file: Storm 2.gpw Sunday, 07 / 22 / 2018
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v11
Hydrograph Summary Report
2
Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval Peak volume hyd(s) elevation strge used Description
(origin) (cfs) (min) (min) (cuft) (ft) (cuft)
1 SCS Runoff 4.993 1 725 15,855 ------ ------ ------ 1501 Masron Farm Drive-Current
2 Reservoir 0.150 1 1057 14,980 1 409.87 10,303 Routed Flow
4 SCS Runoff 0.206 1 735 2,393 ------ ------ ------ Undeveloped
Storm 2.gpw Return Period: 1 Year Sunday, 07 / 22 / 2018
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v11
Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v11 Sunday, 07 / 22 / 2018
Hyd. No. 1
1501 Masron Farm Drive-Current
Hydrograph type =  SCS Runoff Peak discharge =  4.993 cfs
Storm frequency =  1 yrs Time to peak =  725 min
Time interval =  1 min Hyd. volume =  15,855 cuft
Drainage area =  3.580 ac Curve number =  80
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  19.70 min
Total precip. =  2.96 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
3
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Time (min)
1501 Masron Farm Drive-Current
Hyd. No. 1 -- 1 Year
Hyd No. 1
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Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval Peak volume hyd(s) elevation strge used Description
(origin) (cfs) (min) (min) (cuft) (ft) (cuft)
1 SCS Runoff 7.043 1 725 22,093 ------ ------ ------ 1501 Masron Farm Drive-Current
2 Reservoir 0.177 1 1103 19,080 1 411.22 15,164 Routed Flow
4 SCS Runoff 0.806 1 729 4,847 ------ ------ ------ Undeveloped
Storm 2.gpw Return Period: 2 Year Sunday, 07 / 22 / 2018
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v11
Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v11 Sunday, 07 / 22 / 2018
Hyd. No. 1
1501 Masron Farm Drive-Current
Hydrograph type =  SCS Runoff Peak discharge =  7.043 cfs
Storm frequency =  2 yrs Time to peak =  725 min
Time interval =  1 min Hyd. volume =  22,093 cuft
Drainage area =  3.580 ac Curve number =  80
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  19.70 min
Total precip. =  3.58 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
7
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1501 Masron Farm Drive-Current
Hyd. No. 1 -- 2 Year
Hyd No. 1
Hydrograph Summary Report
10
Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval Peak volume hyd(s) elevation strge used Description
(origin) (cfs) (min) (min) (cuft) (ft) (cuft)
1 SCS Runoff 10.14 1 725 31,657 ------ ------ ------ 1501 Masron Farm Drive-Current
2 Reservoir 0.945 1 778 27,246 1 412.06 18,105 Routed Flow
4 SCS Runoff 2.223 1 727 9,473 ------ ------ ------ Undeveloped
Storm 2.gpw Return Period: 5 Year Sunday, 07 / 22 / 2018
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v11
Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v11 Sunday, 07 / 22 / 2018
Hyd. No. 1
1501 Masron Farm Drive-Current
Hydrograph type =  SCS Runoff Peak discharge =  10.14 cfs
Storm frequency =  5 yrs Time to peak =  725 min
Time interval =  1 min Hyd. volume =  31,657 cuft
Drainage area =  3.580 ac Curve number =  80
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  19.70 min
Total precip. =  4.47 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
11
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1501 Masron Farm Drive-Current
Hyd. No. 1 -- 5 Year
Hyd No. 1
Hydrograph Summary Report
14
Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval Peak volume hyd(s) elevation strge used Description
(origin) (cfs) (min) (min) (cuft) (ft) (cuft)
1 SCS Runoff 12.65 1 725 39,528 ------ ------ ------ 1501 Masron Farm Drive-Current
2 Reservoir 4.117 1 742 34,955 1 412.44 19,372 Routed Flow
4 SCS Runoff 3.675 1 727 13,850 ------ ------ ------ Undeveloped
Storm 2.gpw Return Period: 10 Year Sunday, 07 / 22 / 2018
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v11
Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v11 Sunday, 07 / 22 / 2018
Hyd. No. 1
1501 Masron Farm Drive-Current
Hydrograph type =  SCS Runoff Peak discharge =  12.65 cfs
Storm frequency =  10 yrs Time to peak =  725 min
Time interval =  1 min Hyd. volume =  39,528 cuft
Drainage area =  3.580 ac Curve number =  80
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  19.70 min
Total precip. =  5.17 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
15
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1501 Masron Farm Drive-Current
Hyd. No. 1 -- 10 Year
Hyd No. 1
Hydrograph Summary Report
18
Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval Peak volume hyd(s) elevation strge used Description
(origin) (cfs) (min) (min) (cuft) (ft) (cuft)
1 SCS Runoff 16.07 1 725 50,431 ------ ------ ------ 1501 Masron Farm Drive-Current
2 Reservoir 10.03 1 735 45,748 1 412.90 20,876 Routed Flow
4 SCS Runoff 5.931 1 726 20,551 ------ ------ ------ Undeveloped
Storm 2.gpw Return Period: 25 Year Sunday, 07 / 22 / 2018
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v11
Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v11 Sunday, 07 / 22 / 2018
Hyd. No. 1
1501 Masron Farm Drive-Current
Hydrograph type =  SCS Runoff Peak discharge =  16.07 cfs
Storm frequency =  25 yrs Time to peak =  725 min
Time interval =  1 min Hyd. volume =  50,431 cuft
Drainage area =  3.580 ac Curve number =  80
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  19.70 min
Total precip. =  6.11 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
19
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1501 Masron Farm Drive-Current
Hyd. No. 1 -- 25 Year
Hyd No. 1
Hydrograph Summary Report
22
Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval Peak volume hyd(s) elevation strge used Description
(origin) (cfs) (min) (min) (cuft) (ft) (cuft)
1 SCS Runoff 18.83 1 725 59,329 ------ ------ ------ 1501 Masron Farm Drive-Current
2 Reservoir 15.82 1 733 54,620 1 413.42 22,362 Routed Flow
4 SCS Runoff 7.912 1 726 26,452 ------ ------ ------ Undeveloped
Storm 2.gpw Return Period: 50 Year Sunday, 07 / 22 / 2018
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v11
Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v11 Sunday, 07 / 22 / 2018
Hyd. No. 1
1501 Masron Farm Drive-Current
Hydrograph type =  SCS Runoff Peak discharge =  18.83 cfs
Storm frequency =  50 yrs Time to peak =  725 min
Time interval =  1 min Hyd. volume =  59,329 cuft
Drainage area =  3.580 ac Curve number =  80
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  19.70 min
Total precip. =  6.86 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
23
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APPENDIX D 
NORTH CAROLINA ADMINISTRATIVE CODE SUBCHAPTER O2U-
RECLAIMED WATER 
TOTAL DETENTION VOLUME CALCULATIONS 
 
 
 
 
 
SUBCHAPTER 02U – RECLAIMED WATER 
 
SECTION .0100 – GENERAL REQUIREMENTS 
 
15A NCAC 02U .0101 PURPOSE 
(a)  The rules in this Subchapter apply to reclaimed water systems.  This includes the generation and utilization of tertiary 
treated wastewater effluent meeting the standards in Rule .0301 of this Subchapter, used in a beneficial manner and for 
the purpose of conservation of the State's water resources by reducing the use of a water resource (potable water, surface 
water, groundwater). 
(b)  The disposal of treated wastewater effluent that does not serve in place of the use of a water resource is covered by 
Subchapter 02T of this Chapter. 
(c)  Reclaimed water utilization systems permitted pursuant to this Subchapter do not exempt any discharge to waters of 
the State from meeting the permitting requirements established by the National Pollutant Discharge Elimination System 
(NPDES) permitting program pursuant to G.S. 143-215.1 and 15A NCAC 02H .0100. 
(c)  Any use of reclaimed water for Aquifer Storage and Recovery shall be in accordance with G.S. 143-214.2. 
(e)  Requirements for closed-loop recycle systems are provided in Section .1000 of Subchapter 02T of this Chapter. 
(f)  The rules in this subchapter set forth the requirements and procedures for application and issuance of permits for the 
following reclaimed water systems: 
(1) treatment works; 
(2) utilization systems; 
(3) bulk distribution programs; and 
(4) local program approval. 
 
History Note: Authority G.S. 143-215.1; 143-215.1(f); 143-215.3(a)(1); 143-355.5; 
Eff. June 18, 2011. 
15A NCAC 02U .0102 SCOPE 
The rules in this Subchapter apply to all persons proposing to construct, alter, extend, or operate any reclaimed water 
treatment works or utilization system.  The rules in this Section are general requirements that apply to all program rules 
(found in individual sections) in this Subchapter. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a)(1); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0103 DEFINITIONS 
The terms used in this Subchapter are defined in G.S. 143-212 and 143-213, and 15A NCAC 02T .0103 except as 
provided in this Rule as follows: 
(1) "Beneficial manner" means the use of water as a necessary part of an activity or process to which the 
water is being added. 
(2) "Beneficial Reuse" means the utilization of reclaimed water in a beneficial manner and for the purpose 
of conservation of the State's water resources by reducing the use of other water resources (potable 
water, surface water, groundwater). 
(3) "Conjunctive system" means a system where the reclaimed water option is not necessary to meet the 
wastewater disposal needs of the facility and where other wastewater utilization or disposal methods 
(e.g., NPDES permit) are available to the facility at all times. 
(4) "Direct contact irrigation" means application methods that result in the direct contact of reclaimed 
water on the portion of the crop intended for human consumption. 
(5) "Five-day side stream detention pond" means a basin capable of holding five days worth of treatment 
plant effluent (permitted flow capacity) in the event that the reclaimed water does not meet the 
required quality standards for the approved use. 
(6) "Indirect contact irrigation" means application methods that will preclude direct contact of reclaimed 
water on the portion of the crop intended for human consumption. 
(7) "Net environmental benefit" associated with wetlands augmentation sites is documented evidence 
supporting continued maintenance of natural conditions, and the protection of endangered species as 
required in Rule .0105(c)(10) of this Section.  Wetland augmentation systems shall provide 
documentation of the protection of existing wetland uses in accordance with 15A NCAC 02B .0201(f) 
and .0231 and shall not result in net degradation of the wetland. 
(8) "Reclaimed Water" means treated wastewater effluent, meeting effluent standards established pursuant 
to Rule .0301 of this Subchapter, and used for beneficial reuse. 
 
History Note: Authority G.S. 143-213; 143-215.3(a)(1); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0104 ACTIVITIES WHICH REQUIRE A PERMIT 
No person shall do any of the things or carry out any of the activities contained in G.S. 143-215.1(a) until or unless the 
person has applied for and received a permit from the Division (or if appropriate a local program approved by the 
Division pursuant to this Subchapter) and has complied with the conditions prescribed in the permit or is deemed 
permitted by rules in this Subchapter. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a)(1); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0105 GENERAL REQUIREMENTS 
General requirements shall be in accordance with 15A NCAC 02T .0105. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0106 SUBMISSION OF PERMIT APPLICATIONS 
Submission of permit applications shall be in accordance with 15A NCAC 02T .0106. 
 
History Note: Authority G.S. 143-215.3(a)(1); 143-215.1; 
Eff. June 18, 2011. 
 
15A NCAC 02U .0107 STAFF REVIEW AND PERMIT PREPARATION 
Staff review and permit preparation shall be in accordance with 15A NCAC 02T .0107. 
 
History Note: Authority G.S. 143-215.1(b); 143-215.1(d); 143-215.3(a)(1); 143-215.3(a)(4); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0108 FINAL ACTION ON PERMIT APPLICATIONS TO THE DIVISION 
Final action on permit applications to the Division shall be in accordance with 15A NCAC 02T .0108. 
 
History Note: Authority G.S. 143-215.1(a); 143-215.1(b); 143-215.1(d); 143-215.3(a)(1); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0109 PERMIT RENEWALS 
Requests for permit renewals shall be submitted to the Director at least 180 days prior to expiration unless the permit has 
been revoked by the Director in accordance with Rule .0110 of this Section or a request has been made to rescind the 
permit. Renewal requests shall be made in accordance with Rule .0105 and Rule .0106 of this Section. 
 
History Note: Authority G.S. 143-215.3(a)(1); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0110 MODIFICATION AND REVOCATION OF PERMITS 
Modification and revocation of permits shall be in accordance with 15A NCAC 02T .0110. 
 
History Note: Authority G.S. 143-215.1(b)(2.); 143-215.3(a)(1); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0111 CONDITIONS FOR ISSUING GENERAL PERMITS 
Conditions for issuing general permits are established in 15A NCAC 02T .0111. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a)(1); 143-215.10C; 
Eff. June 18, 2011. 
 
15A NCAC 02U .0112 DELEGATION OF AUTHORITY 
Delegation of authority shall be in accordance with 15A NCAC 02T .0112. 
 
History Note: Authority G.S. 143-215.3(a)(1); 143-215.3(a)(4); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0113 PERMITTING BY REGULATION (SEE S.L. 2011-48) 
(a)  The following utilizations of reclaimed water shall be permitted pursuant to G.S. 143-215.1(b) and it shall not be 
necessary for the Division to issue individual permits or coverage under a general permit for construction or operation of 
the following utilization systems provided the system does not result in any violations of surface water or groundwater 
standards, there is no unpermitted direct discharge to surface waters, and all criteria required for the specific system is 
met: 
(1) Discharges to the land surface from flushing and hydrostatic testing water associated with utility 
distribution systems, new sewer extensions, or new reclaimed water distribution lines; 
(2) Overflow from elevated reclaimed water storage facilities where no viable alternative exists and all 
possible measures are taken to reduce the risk of overflow; 
(3) Any de minimus runoff from reclaimed water used during fire fighting or extinguishing, dust control, 
soil compaction for construction purposes, street sweeping, overspray on yard inlets, overspray on golf 
cart paths, or vehicle washing;  
(4) Incidental discharge to a municipal separate storm sewer system (MS4) that occurs as a result of 
reclaimed water utilization activities, and the discharge shall not violate water quality standards.  This 
shall not exempt the reclaimed water user from complying with any applicable local ordinances that 
may prohibit such discharges; 
(5) Rehabilitation, repair, or replacement of reclaimed water lines in kind (i.e., size) with the same 
horizontal and vertical alignment; 
(6) In accordance with 15A NCAC 02H .0106(f)(5), flushing (including air release valve discharge) and 
hydrostatic testing water discharges associated with reclaimed water distribution systems provided that 
no water quality standards are violated; 
(7) Utilization of reclaimed water received from a reclaimed water bulk distribution program permitted 
under Rule .0601 of this Subchapter; 
(8) Irrigation of residential lots or commercial (non-residential) application areas less than one acre in size 
that are supplied with reclaimed water as part of a conjunctive system meeting the requirements of 
Rules .0301, .0401, .0403, .0501, and .0701 of this Subchapter; Chapter 89G of the General Statutes; 
approved by the local building inspection department; and installed by a North Carolina Licensed 
Irrigation Contractor pursuant to G.S. 89G.  A scaled site map showing the location of the reclaimed 
water irrigation system and all features necessary to show compliance with applicable setbacks in Rule 
.0701 of this Subchapter shall be submitted to the reclaimed water provider; 
(9) Irrigation of agricultural crops supplied with reclaimed water as part of a conjunctive use reclaimed 
water system meeting the requirements of this Subchapter and approved by the reclaimed water 
provider; 
(10) Drip irrigation sites supplied with reclaimed water as part of a conjunctive use reclaimed water system 
generated from an onsite wastewater treatment facility meeting the criteria of this Subchapter and 
where the conjunctive system has been approved by the Department and is permitted under 15A 
NCAC 18A .1900; and 
(11) Reuse of produced waters and flowback waters from oil and gas wells regulated by Article 27 of G.S. 
113 for reuse in accordance with water and waste management plans approved pursuant to rules of the 
Mining and Energy Commission as set forth in 15A NCAC 05H. 
(b)  Nothing in this Rule shall be deemed to allow the violation of any assigned surface water, groundwater, or air quality 
standards, and in addition any such violation is a violation of a condition of a permit. 
(c)  The reclaimed water user shall report any violation of this Rule or discharge to surface waters from the utilization 
systems listed in Paragraph (a) of this Rule. 
(d)  Utilization systems deemed permitted under this Subchapter shall remain deemed permitted, notwithstanding any 
violations of surface water or groundwater standards or violations of this Rule or other Permitted By Regulation rules in 
this Subchapter, until such time as the Director determines that they shall not be deemed permitted in accordance with the 
criteria established in this Rule. 
(e)  The Director may determine that a utilization system should not be deemed to be permitted in accordance with this 
Rule and require the utilization system to obtain an individual permit or a certificate of coverage under a general permit.  
This determination shall be made based on existing or projected environmental impacts, compliance with the provisions 
of this Rule, and the compliance history of the facility owner. 
 
History Note: Authority G.S. 130A-300; 143-215.1(a)(1); 143-215.1(b)(4)(e); 143-215.3(a),(d); 
Eff. June 18, 2011 (See S.L. 2011-48); 
Amended Eff. March 19, 2015. 
 
15A NCAC 02U .0114 WASTEWATER DESIGN FLOW RATES 
Wastewater design flow rates shall be determined pursuant to 15A NCAC 02T .0114. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a)(1); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0115 OPERATIONAL AGREEMENTS 
Operational agreements shall be completed pursuant to 15A NCAC 02T .0115. 
 
History Note: Authority G.S. 143-215.1(d1); 
Eff. June 18, 2011. 
 
 
15A NCAC 02U .0116 CERTIFICATION OF COMPLETION 
Certification of completion shall be completed pursuant to 15A NCAC 02T .0116. 
 
History Note: Authority G.S. 143-215.1; 
Eff. June 18, 2011. 
 
15A NCAC 02U .0117 TREATMENT FACILITY OPERATION AND MAINTENANCE 
Treatment facility operation and maintenance shall be completed pursuant to 15A NCAC 02T .0117. 
 
History Note: Authority G.S. 143-215.3; 
Eff. June 18, 2011. 
 
15A NCAC 02U .0120 HISTORICAL CONSIDERATION IN PERMIT APPROVAL 
Historical consideration in permit approval shall be in accordance with 15A NCAC 02T .0120. 
 
History Note: Authority G.S. 143-215.1(b); 143-215.3(a); 
Eff. June 18, 2011. 
 
SECTION .0200 - APPLICATION REQUIREMENTS 
 
15A NCAC 02U .0201 APPLICATION SUBMITTAL – CONJUNCTIVE SYSTEMS 
(a)  The requirements in this Rule apply to all new and expanding conjunctive facilities, as applicable. 
(b)  A soil evaluation of the utilization site where the reclaimed water is applied to the land surface or otherwise used in a 
ground absorption manner shall be provided to the Division by the applicant.  Evaluations shall include recommended 
loading rates of liquids, solids, and other constituents.  For systems that utilize reclaimed water through irrigation, the 
evaluation shall also include recommended maximum irrigation precipitation rates.  If required by G.S. 89F, a soil 
scientist shall prepare this evaluation. 
[Note:  The North Carolina Board for Licensing of Soil Scientists has determined, via letter dated December 1, 2005, that 
preparation of soils reports pursuant to this Paragraph constitutes practicing soil science under G.S. 89F.] 
(c)  Engineering design documents.  If required by G.S. 89C, a professional engineer shall prepare engineering design 
documents.  The following documents shall be provided to the Division by the applicant: 
(1) engineering plans for the entire system, including treatment, storage, application, and utilization 
facilities and equipment except those previously permitted unless those previously permitted are 
directly tied into the new units or are critical to the understanding of the complete process; 
(2) specifications describing materials to be used, methods of construction, and means for ensuring quality 
and integrity of the finished product including leakage testing; and  
(3) engineering calculations including hydraulic and pollutant loading for each treatment unit, treatment 
unit sizing criteria, hydraulic profile of the treatment system, total dynamic head and system curve 
analysis for each pump, buoyancy calculations, and irrigation design. 
[Note:  The North Carolina Board of Examiners for Engineers and Surveyors has determined, via letter dated December 
1, 2005, that preparation of engineering design documents pursuant to this Paragraph constitutes practicing engineering 
under G.S. 89C.  In addition, the North Carolina Board of Examiners for Engineers and Surveyors has determined that 
design of residential reclaimed irrigations systems owned by the property owner does not constitute engineering under 
G.S. 89C.] 
(d)  Site plans.  If required by G.S. 89C, a professional land surveyor shall provide location information on boundaries 
and physical features not under the purview of other licensed professions.  The applicant shall provide site plans or maps 
for treatment and storage facilities and where the reclaimed water is applied to the land surface or otherwise used in a 
ground absorption manner, except where reclaimed water is utilized for irrigation to single-family residential lots, 
showing the location, orientation and relationship of facility components including: 
(1) a scaled map of the site showing all facility-related structures and fences within the treatment, storage, 
and utilization areas;  
(2) for land application sites and other ground absorption uses, the site map shall include topography; and 
(3) to the extent needed to determine compliance with setbacks, the location of all features included in 
Rule .0701 of this Subchapter. 
[Note:  The North Carolina Board of Examiners for Engineers and Surveyors has determined, via letter dated December 
1, 2005, that locating boundaries and physical features, not under the purview of other licensed professions, on maps 
pursuant to this Paragraph constitutes practicing surveying under G.S. 89C.] 
(e)  The applicant shall provide property ownership documentation to the Division consisting of: 
(1) legal documentation of ownership (e.g., contract, deed or article of incorporation); 
(2) written notarized intent to purchase agreement signed by both parties, accompanied by a plat or survey 
map; 
(3) an easement running with the land indicating the intended use of the property and meeting the 
condition of 15A NCAC 02L .0107(f); or 
(4) written notarized lease agreement signed by both parties, indicating the intended use of the property, as 
well as a plat or survey map.  When this Subparagraph is utilized to document property ownership, 
groundwater standards must be met across the entire site and a compliance boundary need not be 
provided. 
(f)  Public utilities shall submit a Certificate of Public Convenience and Necessity or a letter from the NC Utilities 
Commission to the Division stating that a franchise application has been received. 
(g)  The applicant shall provide a complete chemical analysis of the typical reclaimed water to be utilized for industrial 
waste. The analysis shall include: 
(1) Total Organic Carbon; 
(2) 5-day Biochemical Oxygen Demand (BOD5); 
(3) Chemical Oxygen Demand (COD); 
(4) Nitrate Nitrogen (NO3-N); 
(5) Ammonia Nitrogen (NH3-N); 
(6) Total Kjeldahl Nitrogen (TKN); 
(7) pH; 
(8) Chloride; 
(9) Total Phosphorus; 
(10) Phenol; 
(11) Total Volatile Organic Compounds; 
(12) Escherichia coli (E.coli) or Fecal Coliform; 
(13) Coliphage (Type 2 reclaimed water only);  
(14) Clostridium perfringens (Type 2 reclaimed water only); 
(15) Calcium; 
(16) Sodium; 
(17) Magnesium; 
(18) Sodium Adsorption Ratio (SAR); 
(19) Total Trihalomethanes; 
(20) Toxicity Test Parameters; and 
(21) Total Dissolved Solids. 
(h)  For irrigation sites, the applicant shall provide to the Division a project evaluation and a receiver site agronomic 
management plan and recommendations concerning cover crops and their ability to accept the proposed application rates 
of liquid, solids, minerals and other constituents of the wastewater. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0202 APPLICATION SUBMITTAL – NON-CONJUNCTIVE SYSTEMS 
(a)  The requirements in this Rule apply to all new and expanding non-conjunctive facilities, as applicable. 
(b)  Soils Report.  A soil evaluation of the utilization site shall be provided to the Division by the applicant.  If required 
by G.S. 89F, a soil scientist shall prepare this evaluation.  This evaluation shall be presented in a report that includes the 
following: 
(1) Field description of soil profile, based on examinations of excavation pits and auger borings, within 
seven feet of land surface or to bedrock describing the following parameters by individual diagnostic 
horizons: 
(A) thickness of the horizon; 
(B) texture; 
(C) color and other diagnostic features; 
(D) structure; 
(E) internal drainage; 
(F) depth, thickness, and type of restrictive horizon(s); and 
(G) presence or absence and depth of evidence of any seasonal high water table (SHWT); 
Applicants shall dig pits when necessary for proper evaluation of the soils at the site; 
(2) Recommendations concerning loading rates of liquids, solids, other wastewater constituents and 
amendments; annual hydraulic loading rates shall be based on in-situ measurement of saturated 
hydraulic conductivity in the most restrictive horizon for each soil mapping unit; maximum irrigation 
precipitation rates shall be provided for each soil mapping unit; 
(3) A soil map delineating soil mapping units within each land application site and showing all physical 
features, location of pits and auger borings, legends, scale, and a north arrow; and 
(4) A representative soils analysis (i.e., Standard Soil Fertility Analysis) conducted on each land 
application site.  The Standard Soil Fertility Analysis shall include the following parameters: 
(A) acidity; 
(B) base saturation (by calculation); 
(C) calcium; 
(D) cation exchange capacity; 
(E) copper: 
(F) exchangeable sodium percentage (by calculation); 
(G) magnesium; 
(H) manganese; 
(I) percent humic matter; 
(J) pH; 
(K) phosphorus; 
(L) potassium; 
(M) sodium; and 
(N) zinc. 
[Note:  The North Carolina Board for Licensing of Soil Scientists has determined, via letter dated December 1, 2005, that 
preparation of soils reports pursuant to this Paragraph constitutes practicing soil science under G.S. 89F.] 
(c)  Engineering design documents.  If required by G.S. 89C, a professional engineer shall prepare these documents.  The 
applicant shall provide the following documents to the Division: 
(1) engineering plans for the entire system, including treatment, storage, application, and utilization 
facilities and equipment except those previously permitted unless those previously permitted are 
directly tied into the new units or are critical to the understanding of the complete process;  
(2) specifications describing materials to be used, methods of construction, and means for ensuring quality 
and integrity of the finished product including leakage testing; and  
(3) engineering calculations including hydraulic and pollutant loading for each treatment unit, treatment 
unit sizing criteria, hydraulic profile of the treatment system, total dynamic head and system curve 
analysis for each pump, buoyancy calculations, and irrigation design. 
[Note:  The North Carolina Board of Examiners for Engineers and Surveyors has determined, via letter dated December 
1, 2005, that preparation of engineering design documents pursuant to this Paragraph constitutes practicing engineering 
under G.S. 89C.  In addition, the North Carolina Board of Examiners for Engineers and Surveyors has determined that 
design of residential reclaimed irrigations systems owned by the property owner does not constitute engineering under 
G.S. 89C.] 
(d)  Site plans.  If required by G.S. 89C, a professional land surveyor shall provide location information on boundaries 
and physical features not under the purview of other licensed professions.  The applicant shall provide site plans or maps 
to the Division where the reclaimed water is applied to the land surface or otherwise used in a ground absorption manner 
depicting the location, orientation and relationship of facility components including: 
(1) a scaled map of the site, with topographic contour intervals not exceeding 10 feet or 25 percent of total 
site relief and showing all facility-related structures and fences within the treatment, storage and 
utilization areas, soil mapping units shown on all utilization sites; 
(2) the location of all wells (including usage and construction details if available), streams (ephemeral, 
intermittent, and perennial), springs, lakes, ponds, and other surface drainage features within 500 feet 
of all waste treatment, storage, and utilization site(s) and delineation of the review and compliance 
boundaries; 
(3) setbacks as required by Rule .0701 of this Subchapter; and 
(4) site property boundaries within 500 feet of all waste treatment, storage, and utilization site(s). 
[Note:  The North Carolina Board of Examiners for Engineers and Surveyors has determined, via letter dated December 
1, 2005, that locating boundaries and physical features, not under the purview of other licensed professions, on maps 
pursuant to this Paragraph constitutes practicing surveying under G.S. 89C.] 
(e)  A hydrogeologic description prepared by a Licensed Geologist, License Soil Scientist, or Professional Engineer if 
required by Chapters 89E, 89F, or 89C respectively of the subsurface to a depth of 20 feet or bedrock, whichever is less, 
shall be provided to the Division by the applicant for systems treating industrial waste and any system with a design flow 
of over 25,000 gallons per day.  A greater depth of investigation is required if the respective depth is used in predictive 
calculations. This evaluation shall be based on borings for which the numbers, locations, and depths are sufficient to 
define the components of the hydrogeologic evaluation.  In addition to borings, other techniques may be used to 
investigate the subsurface conditions at the site.  These techniques may include geophysical well logs, surface 
geophysical surveys, and tracer studies.  This evaluation shall be presented in a report that includes the following 
components: 
(1) a description of the regional and local geology and hydrogeology based on research of literature for the 
area; 
(2) a description, based on field observations of the site, of the site topographic setting, streams, springs 
and other groundwater discharge features, drainage features, existing and abandoned wells, rock 
outcrops, and other features that may affect the movement of the contaminant plume and treated 
wastewater; 
(3) changes in lithology underlying the site; 
(4) depth to bedrock and occurrence of any rock outcrops; 
(5) the hydraulic conductivity and transmissivity of the affected aquifer(s); 
(6) depth to the seasonal high water table; 
(7) a discussion of the relationship between the affected aquifers of the site to local and regional geologic 
and hydrogeologic features; 
(8) a discussion of the groundwater flow regime of the site prior to operation of the proposed facility and 
post operation of the proposed facility focusing on the relationship of the system to groundwater 
receptors, groundwater discharge features, and groundwater flow media; and 
(9) if the SHWT is within six feet of the surface, a mounding analysis to predict the level of the SHWT 
after wastewater application. 
[Note:  The North Carolina Board for Licensing of Geologists, via letter dated April 6, 2006, North Carolina Board for 
Licensing of Soil Scientists, via letter dated December 1, 2005, and North Carolina Board of Examiners for Engineers 
and Surveyors, via letter dated December 1, 2005, have determined that preparation of hydrogeologic description 
documents pursuant to this Paragraph constitutes practicing geology under G.S. 89E, soil science under G.S. 89F, or 
engineering under G.S. 89C.] 
(f)  The applicant shall provide property ownership documentation to the Division consisting of: 
(1) legal documentation of ownership (i.e., contract, deed or article of incorporation); 
(2) written notarized intent to purchase agreement signed by both parties, accompanied by a plat or survey 
map; 
(3) an easement running with the land specifically indicating the intended use of the property and meeting 
the condition of 15A NCAC 02L .0107(f); or  
(4) written notarized lease agreement signed by both parties, indicating the intended use of the property, as 
well as a plat or survey map.  Groundwater standards shall be met across the entire site, and a 
compliance boundary shall not be provided. 
(g)  Public utilities shall submit a Certificate of Public Convenience and Necessity or a letter from the NC Utilities 
Commission stating that a franchise application has been received. 
(h)  The applicant shall provide to the Division a complete chemical analysis of the typical reclaimed water to be utilized 
for industrial waste.  The analysis shall include: 
(1) Total Organic Carbon; 
(2) 5-day Biochemical Oxygen Demand (BOD5); 
(3) Chemical Oxygen Demand (COD); 
(4) Nitrate Nitrogen (NO3-N); 
(5) Ammonia Nitrogen (NH3-N); 
(6) Total Kjeldahl Nitrogen (TKN); 
(7) pH; 
(8) Chloride; 
(9) Total Phosphorus; 
(10) Phenol; 
(11) Total Volatile Organic Compounds; 
(12) Escherichia coli (E. coli) or Fecal Coliform; 
(13) Coliphage (Type 2 reclaimed water only); 
(14) Clostridium perfringens (Type 2 reclaimed water only); 
(15) Calcium; 
(16) Sodium; 
(17) Magnesium; 
(18) Sodium Adsorption Ratio (SAR); 
(19) Total Trihalomethanes; 
(20) Toxicity Test Parameters; and 
(21) Total Dissolved Solids. 
(i)  For irrigation sites, the applicant shall provide to the Division a project evaluation and a receiver site agronomic 
management plan  and recommendations concerning cover crops and their ability to accept the proposed application rates 
of liquid, solids, minerals and other constituents of the wastewater. 
(j)  The applicant shall provide to the Division a residuals management plan as required by Rule .0802 of this Subchapter. 
A written commitment is not required at the time of application; however, it shall be provided prior to operation of the 
permitted system. 
(k)  The applicant shall provide a water balance to the Division that determines required storage based upon the most 
limiting factor of the hydraulic loading based on either the most restrictive horizon or groundwater mounding analysis; or 
nutrient management based on either agronomic rates for a specified cover crop or crop management requirements. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a); 
Eff. June 18, 2011. 
 
SECTION .0300 - EFFLUENT STANDARDS 
 
15A NCAC 02U .0301 RECLAIMED WATER EFFLUENT STANDARDS 
(a)  Reclaimed water treatment processes classified as Type 2 by the rules in this Subchapter shall produce a tertiary 
quality effluent (filtered or equivalent) prior to storage, distribution, or utilization that meets the parameter limits listed 
below: 
(1) monthly average BOD5 of less than or equal to 5 mg/l and a daily maximum BOD5 of less than or 
equal to 10 mg/l; 
(2) monthly average TSS of less than or equal to 5 mg/l and a daily maximum TSS of less than or equal to 
10 mg/l; 
(3) monthly average NH3 of less than or equal to 1 mg/l and a daily maximum NH3 of less than or equal to 
2 mg/l; 
(4) monthly geometric mean Escherichia coli (E. coli) or fecal coliform level of less than or equal to 3/100 
ml and a daily maximum E. coli or fecal coliform level of less than or equal to 25/100 ml; 
(5) monthly geometric mean Coliphage level of less than or equal to 5/100 ml and a daily maximum 
Coliphage level of less than or equal to 25/100 ml; 
(6) monthly geometric mean Clostridium perfringens level of less than or equal to 5/100 ml and a daily 
maximum Clostridium perfingen level of less than or equal to 25/100 ml; and  
(7) maximum Turbidity of 5 Nephelometric Turbidity Units (NTUs). 
(b)  Reclaimed water treatment processes classified as Type 1 by the rules in this Subchapter shall produce a tertiary 
quality effluent (filtered or equivalent) prior to storage, distribution, or utilization that meets the parameter limits listed 
below: 
(1) monthly average BOD5 of less than or equal to 10 mg/l and a daily maximum BOD5 of less than or 
equal to 15 mg/l; 
(2) monthly average TSS of less than or equal to 5 mg/l and a daily maximum TSS of less than or equal to 
10 mg/l; 
(3) monthly average NH3 of less than or equal to 4 mg/l and a daily maximum NH3 of less than or equal to 
6 mg/l; 
(4) monthly geometric mean E. coli or fecal coliform level of less than or equal to 14/100 ml and a daily 
maximum E. coli or fecal coliform level of less than or equal to 25/100 ml; and 
(5) maximum Turbidity of 10 NTUs. 
(c)  Reclaimed water produced by industrial facilities are not required to meet the criteria in this Rule if the reclaimed 
water is used at the facility in an industrial process and the area of use has no public access and does not result in 
employee exposure. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a.); 
Eff. June 18, 2011. 
 
SECTION .0400 - DESIGN STANDARDS 
 
15A NCAC 02U .0401 DESIGN CRITERIA FOR WASTEWATER TREATMENT FACILITIES - 
CONJUNCTIVE SYSTEMS 
(a)  The requirements in this Rule apply to all new and expanding conjunctive facilities, as applicable. 
(b)  Continuous on-line monitoring and recording for turbidity or particle count and flow shall be provided prior to 
storage, distribution or utilization. 
(c)  Effluent from the treatment facility shall not be discharged to the storage, distribution or utilization system if either 
the turbidity exceeds 10 NTUs or if the permitted pathogen levels cannot be met.  The facility shall have the ability to 
utilize alternate wastewater management options when the effluent quality is not sufficient. 
(d)  An automatically activated standby power source or other means to prevent improperly treated wastewater from 
entering the storage, distribution or utilization system shall be provided. 
(e)  The permit shall require an operator certified by the Water Pollution Control System Operators Certification 
Commission (WPCSOCC) of a grade equivalent or greater than the facility classification to be on call 24 hours per day. 
(f)  No storage facilities are required as long as it can be demonstrated that other permitted means of disposal are 
available if 100 percent of the reclaimed water cannot be utilized.  When provided, storage basins shall meet the design 
requirements in Rule .0402(g) of this Section. 
(g)  Reclaimed water irrigation system design shall not exceed the recommended precipitation rates in the soils report 
prepared pursuant to Rule .0201 of this Subchapter.  Single family residential irrigation systems and commercial (non-
residential) irrigation systems less than one acre in size that are permitted by regulation under Rule .0113(8) of this 
Subchapter do not require preparation of a soils report. 
(h)  Type 2 reclaimed water treatment facilities shall provide dual disinfection systems containing UV disinfection and 
chlorination or equivalent dual disinfection processes to meet pathogen control requirements. 
(i)  Type 2 reclaimed water treatment facilities shall provide documentation that the combined treatment and disinfection 
processes are capable of the following: 
(1) log 6 or greater reduction of E. coli; 
(2) log 5 or greater reduction of Coliphage; and 
(3) log 4 or greater reduction of Clostridium perfringens. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0402 DESIGN CRITERIA FOR WASTEWATER TREATMENT FACILITIES – NON-
CONJUNCTIVE SYSTEMS 
(a)  The requirements in this Rule apply to all new and expanding non-conjunctive facilities, as applicable. 
(b)  Aerated flow equalization facilities shall be provided with a capacity based upon either a representative diurnal 
hydrograph or at least 25 percent of the daily system design flow. 
(c)  Dual facilities shall be provided for all essential treatment units. 
(d)  Continuous on-line monitoring and recording for turbidity or particle count and flow shall be provided prior to 
storage, distribution, or utilization. 
(e)  Effluent from the treatment facility shall be discharged to a five-day side-stream detention pond if either the turbidity 
exceeds 10 NTUs or if the permitted pathogen levels cannot be met.  The facility shall have the ability to return the 
effluent in the five-day side-stream detention pond back to the head of the treatment facility. 
(f)  There shall be no public access to the wastewater treatment facility or the five-day side-stream detention pond.  The 
five-day side-stream detention pond shall have either a liner of natural material at least one foot in thickness and having a 
hydraulic conductivity of no greater than 1 x 10-6 centimeters per second when compacted, or a synthetic liner of 
sufficient thickness to exhibit structural integrity and an effective hydraulic conductivity no greater than that required of 
the natural material liner. Liner requirements of the five-day side-stream detention pond or separation distances between 
the bottom of the five-day side-stream detention pond and the groundwater table may be reduced if it can be 
demonstrated by predictive calculations or modeling methods that satisfy the Director, that construction and use of the 
five-day side-stream detention pond will not result in contravention of assigned groundwater standards at the compliance 
boundary. 
(g)  The storage basin shall have either a liner of natural material at least one foot in thickness and having a hydraulic 
conductivity of no greater than 1 x 10-6 centimeters per second when compacted, or a synthetic liner of sufficient 
thickness to exhibit structural integrity and an effective hydraulic conductivity no greater than that required of the natural 
material liner. Liner requirements of the storage basin or separation distances between the bottom of storage basin and the 
groundwater table may be reduced if it can be demonstrated by predictive calculations or modeling methods that satisfy 
the Director, that construction and use of the storage basin will not result in contravention of assigned groundwater 
standards at the compliance boundary. 
(h)  Automatically activated standby power supply onsite, capable of powering all essential treatment units under design 
conditions shall be provided. 
(i)  The permit shall require an operator certified by the Water Pollution Control System Operators Certification 
Commission (WPCSOCC) of a grade equivalent or greater than the facility classification to be on call 24 hours per day. 
(j)  By-pass and overflow lines are prohibited. 
(k)  Multiple pumps shall be provided if pumps are used. 
(l)  A water-tight seal on all treatment/storage units or minimum of two feet protection from 100-year flood shall be 
provided. 
(m)  Reclaimed water irrigation system design shall not exceed the recommended precipitation rates in the soils report 
prepared pursuant to Rule .0202 of this Subchapter. 
(n)  A minimum of 30 days of residual storage shall be provided. 
(o)  Utilization areas shall be designed to maintain a one-foot vertical separation between the seasonal high water table 
and the ground surface. 
(p)  Influent pump stations shall meet the sewer minimum design criteria as provided in 15A NCAC 02T .0300. 
(q)  Type 2 reclaimed water treatment facilities shall provide dual disinfection systems containing UV disinfection or 
equivalent and chlorination or equivalent to provide pathogen control.  
(r)  Type 2 reclaimed water treatment facilities shall provide documentation that the combined treatment and disinfection 
processes are capable of the following: 
(1) log 6 or greater reduction of E. coli;  
(2) log 5 or greater reduction of Coliphage; and 
(3) log 4 or greater reduction of Clostridium perfringens. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0403 DESIGN CRITERIA FOR DISTRIBUTION LINES (SEE S.L. 2011-218) 
(a)  The requirements in this Rule apply to all new distribution lines. 
(b)  All reclaimed water valves, storage facilities and outlets shall be tagged or labeled to warn the public or employees 
that the water is not intended for drinking. 
(c)  All reclaimed water piping, valves, outlets and other appurtenances shall be color-coded, taped, or otherwise marked 
to identify the source of the water as being reclaimed water as follows: 
(1) All reclaimed water piping and appurtenances shall be either colored purple (Pantone 522 or 
equivalent) and embossed or integrally stamped or marked "CAUTION: RECLAIMED WATER - DO 
NOT DRINK" or be installed with a purple (Pantone 522 or equivalent) identification tape or 
polyethylene vinyl wrap. The warning shall be stamped on opposite sides of the pipe and repeated 
every three feet or less; 
(2) Identification tape shall be at least three inches wide and have white or black lettering on purple 
(Pantone 522 or equivalent) field stating "CAUTION:  RECLAIMED WATER - DO NOT DRINK". 
Identification tape shall be installed on top of reclaimed water pipelines, fastened at least every 10 feet 
to each pipe length and run continuously the entire length of the pipe; and 
(3) Existing underground distribution systems retrofitted for the purpose of utilizing reclaimed water shall 
be taped or otherwise identified as in Subparagraphs (1) or (2) of this Paragraph.  This identification 
need not extend the entire length of the distribution system but shall be incorporated within 10 feet of 
crossing any potable water supply line or sanitary sewer line. 
(d)  All reclaimed water valves and outlets shall be of a type, or secured in a manner, that permits operation by personnel 
authorized by the entity that operates the reclaimed water system. 
(e)  Hose bibs shall be located in locked, below grade vaults that shall be labeled as being of nonpotable quality.  As an 
alternative to the use of locked vaults with standard hose bib services, other locking mechanisms such as hose bibs which 
can only be operated by a tool may be placed above ground and labeled as nonpotable water. 
(f)  Cross-Connection Control 
(1) There shall be no direct cross-connections between the reclaimed water and potable water systems; 
(2) Where both reclaimed water and potable water are supplied to a reclaimed water use area in residential 
or commercial (irrigation) applications, a dual check valve device (or a device providing equal or 
better protection) shall be installed at the potable water service connection to the use area; 
(3) Where both reclaimed water and potable water are supplied to a reclaimed water use area in industrial 
or commercial (non-irrigation) applications, a reduced pressure principle backflow prevention device 
or an approved air gap separation pursuant to 15A NCAC 18C shall be installed at the potable water 
service connection to the use area; and 
(4) Where potable water is used to supplement a reclaimed water system, there shall be an air gap 
separation, approved and regularly inspected by the potable water supplier, between the potable water 
and reclaimed water systems. 
(g)  Irrigation system piping shall be considered part of the distribution system for the purposes of this Rule. 
(h)  Reclaimed water distribution lines shall be located 10 feet horizontally from and 18 inches below any water line 
where practicable.  Where these separation distances can not be met, the piping and integrity testing procedures shall 
meet water main standards in accordance with 15A NCAC 18C. 
(i)  Reclaimed water distribution lines shall not be less than 50 feet from a well unless the piping and integrity testing 
procedures meet water main standards in accordance with 15A NCAC 18C, but in no case shall they be less than 25 feet 
from a private well. 
(j)  Reclaimed water distribution lines shall meet the separation distances to sewer lines in accordance with 15A NCAC 
02T .0305. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a.); 
Eff. June 18, 2011 (S.L. 2011-218). 
 
SECTION .0500 - GENERAL UTILIZATION REQUIREMENTS 
 
15A NCAC 02U .0501 RECLAIMED WATER UTILIZATION (SEE S.L. 2011-48) 
(a)  Reclaimed water utilized in a manner that includes application to the land surface shall meet the following criteria: 
(1) The reclaimed water shall meet requirements for Type 1 reclaimed water in Rule .0301(b) of this 
Subchapter; 
(2) Notification shall be provided by the permittee or its representative to inform the public and employees 
of the use of reclaimed water (Non Potable Water) and that the reclaimed water is not intended for 
drinking. Notification material shall be provided to employees in a language they understand; 
(3) The reclaimed water generator shall develop and maintain a record keeping program for distribution of 
reclaimed water; 
(4) The reclaimed water generator shall develop and maintain an education and approval program for all 
use of reclaimed water.  Educational material shall be provided to employees in a language they 
understand; 
(5) The reclaimed water generator shall develop and maintain a routine review and inspection program for 
all uses of reclaimed water on property not owned by the generator; 
(6) The compliance boundary and the review boundary for groundwater are established at the irrigation 
area boundaries.  No deed restrictions or easements shall be required to be filed on adjacent properties. 
 Land application of effluent shall be on property controlled by the generator unless an easement is 
provided in accordance with 15A NCAC 02L .0107 except in cases where a compliance boundary is 
not established; and 
(7) Reclaimed water irrigated on designed soil matrix, such as artificial or natural turf athletic fields with 
subsurface drainage shall meet the following conditions: 
(A) Annual hydraulic loading and maximum precipitation rates shall be designed to irrigate a 
volume not to exceed the design water capacity of the designed soil matrix above the 
drainage system; and 
(B) Outlets of the drainage system shall not be allowed to discharge directly to surface waters 
(intermittent or perennial) or to storm water conveyance systems that do not allow for 
infiltration prior to discharging to surface waters. 
(b)  Reclaimed water used for activities other than land application (such as industrial and commercial uses) shall meet 
the criteria below: 
(1) The reclaimed water shall meet requirements for Type 1 reclaimed water; 
(2) Notification shall be provided by the permittee or its representative to inform the public and employees 
of the use of reclaimed water (Non Potable Water) and that the reclaimed water is not intended for 
drinking, and notification material shall be provided to employees in a language they understand; 
(3) The reclaimed water generator shall develop and maintain an education and approval program for all 
reclaimed water users, and educational material shall be provided to employees in a language they 
understand; 
(4) The reclaimed water generator shall develop and maintain a record keeping program for distribution of 
reclaimed water; 
(5) The reclaimed water generator shall develop and maintain a routine review and inspection program for 
all reclaimed water users; and 
(6) Reclaimed water used for activities other than land application shall not be used in a manner that 
causes exposure to aerosols. 
(c)  Reclaimed water used in commercial or industrial facilities for the purposes of urinal and toilet flushing or fire 
protection in sprinkler systems shall be approved by the Director if the applicant can demonstrate to the Division that 
public health and the environment will be protected. 
(d)  Reclaimed water shall not be used for swimming pools, hot-tubs, spas or similar uses. 
(e)  Reclaimed water shall not be used for direct reuse as a raw potable water supply. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a); 
Eff. June 18, 2011 (S.L. 2011-48). 
 
SECTION .0600 - BULK DISTRIBUTION OF RECLAIMED WATER 
 
15A NCAC 02U .0601 BULK DISTRIBUTION OF RECLAIMED WATER 
(a)  Tank trucks and other equipment used to distribute reclaimed water shall be identified with advisory signs. 
(b)  Tank trucks used to transport reclaimed water shall not be used to transport potable water that is used for drinking or 
other potable purposes. 
(c)  Tank trucks used to transport reclaimed water shall not be filled through on-board piping or removable hoses that 
may subsequently be used to fill potable water tanks. 
(d)  The reclaimed water generator shall develop and maintain an education and approval program for all reclaimed water 
users. 
(e)  The reclaimed water generator shall develop and maintain a record keeping program for bulk distribution of 
reclaimed water. 
(f)  The reclaimed water generator shall develop and maintain a routine review and inspection program for reclaimed 
water users. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a); 
Eff. June 18, 2011. 
 
SECTION .0700 - SETBACKS 
 
15A NCAC 02U .0701 SETBACKS 
(a)  Treatment and storage facilities associated with systems permitted under this Subchapter shall adhere to the setback 
requirements in 15A NCAC 02T .0500 except as provided in this Rule. 
(b)  Final effluent storage facilities shall meet all setback requirements for riparian buffer rules pursuant to 15A NCAC 
02B as well as the following setbacks: 
            feet 
Any private or public water supply source       100 
Surface waters (streams – intermittent and perennial, perennial waterbodies, 
and wetlands)         50 
Any well with exception of monitoring wells       100 
Any property line          50 
Otherwise storage facilities shall meet the provisions of Paragraph (a) of this Rule. 
(c)  The setbacks for utilization areas where reclaimed water is discharged to the ground shall be as follows: 
            feet 
Surface waters (streams – intermittent and perennial, perennial waterbodies, 
and wetlands) not classified SA       25 
Surface waters (streams – intermittent and perennial, perennial waterbodies, 
and wetlands) classified SA       100 
Any well with exception to monitoring wells       100 
(d)  No setback between the application area and property lines is required. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a); 
Eff. June 18, 2011. 
 
SECTION .0800 - OPERATIONAL PLANS 
 
15A NCAC 02U .0801 OPERATION AND MAINTENANCE PLAN 
An Operation and Maintenance Plan shall be maintained by the permittee for all reclaimed water systems.  The plan shall: 
(1) describe the operation of the system in sufficient detail to show what operations are necessary for the 
system to function and by whom the functions are to be conducted; 
(2) include a sampling and monitoring plan to evaluate quality of reclaimed water within the distribution 
system to provide quality assurance at the time of reuse, and specify actions to be taken in response to 
unsatisfactory monitoring results; 
(3) provide a map of all distribution lines and record drawings of all utilization systems under the 
permittee's control; 
(4) describe anticipated maintenance of the system; 
(5) include provisions for safety measures including restriction of access to the site and equipment, as 
required in this Subchapter; and 
(6) include spill control provisions including: 
(a) response to upsets and bypasses including control, containment, and remediation; and 
(b) contact information for plant personnel, emergency responders, and regulatory agencies. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a); 
Eff. June 18, 2011. 
 
15A NCAC 02U .0802 RESIDUALS MANAGEMENT PLAN 
A Residuals Management Plan shall be maintained for all reclaimed water systems that generate residuals.  The plan shall 
include the following: 
(1) an explanation as to how the residuals will be collected, handled, processed, stored and disposed; 
(2) an evaluation of the residuals storage requirements for the treatment facility based upon the maximum 
anticipated residuals production rate and ability to remove residuals; 
(3) a permit for residuals utilization, a written commitment to the Permittee of a Division approved 
residuals disposal/utilization program accepting the residuals which demonstrates that the program has 
adequate capacity to accept the residuals, or that an application for approval has been submitted; and 
(4) if oil, grease, grit, or screenings removal and collection is a designed unit process, an explanation as to 
how the oil/grease will be collected, handled, processed, stored and disposed. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a); 
Eff. June 18, 2011. 
 
SECTION .0900 - LOCAL PROGRAM APPROVAL 
 
15A NCAC 02U .0901 LOCAL PROGRAM APPROVAL 
(a)  Municipalities, counties, local boards or commissions, water and sewer authorities, or groups of municipalities and 
counties may apply to the Division for approval of programs for permitting construction, modification, and operation of 
reclaimed water distribution lines and permitting users under their authority, unless prohibited by other rules in this 
Subchapter. Construction of and modifications to treatment works, including pump stations for reclaimed water 
distribution, require Division approval.  Permits issued by approved local programs shall serve in place of permits issued 
by the Division.  Local program approval shall not be granted for non-conjunctive reclaimed water uses. 
(b)  Applications.  Applications for approval of local programs shall provide adequate information to assure compliance 
with the requirements of this Subchapter and the following: 
(1) Include two copies of the permit application forms, intended permits including types of uses, minimum 
design criteria (specifications), flow chart of permitting, inspection and certification procedures, and 
other relevant documents to be used in administering the local program; and 
(2) Certification that the local authority has procedures in place for processing permit applications, setting 
permit requirements, enforcement, and penalties that are compatible with those for permits issued by 
the Division. 
(c)  Any amendments to the requirements of this Subchapter shall be incorporated into the local program within 60 days 
of the effective date of the amendments. 
(d)  If required by G.S. 89C, a North Carolina registered Professional Engineer shall be on the staff of the local program 
or retained as a consultant to review unusual situations or designs and to answer questions that arise in the review of 
proposed projects.  The local program shall also provide staff or retain a consultant to review all other non-engineering 
related program areas. 
(e)  Each project permitted by the local program shall be inspected for compliance with the requirements of the local 
program at least once during construction. 
(f)  Approval of Local Programs.  The Division staff shall acknowledge receipt of an application for a local program in 
writing, review the application, notify the applicant of additional information that may be required, and make a 
recommendation to the Commission on the acceptability of the proposed local program. 
(g)  All permitting actions, bypasses from distribution lines, enforcement actions, and monitoring of the distribution 
system shall be summarized and submitted to the Division at a minimum on an annual basis on forms provided by the 
Division.  The report shall also provide a listing and summary of all enforcement actions taken or pending during the 
year.  The report shall be submitted within 30 days after the end of each year. 
(h)  A copy of all program documents such as specifications, permit applications, permit shells and shell certification 
forms shall be submitted to the Division on an annual basis along with a summary of any other program changes.  
Program changes to note include staffing, processing fees, and ordinance revisions. 
(i)  Modification of a Local Program.  After a local program has been approved by the Commission, any modification of 
the program procedures or requirements specified in this Rule shall be approved by the Director to assure that the 
procedures and requirements remain at least as stringent as the state-wide requirements in this Subchapter. 
(j)  Appeal of Local Decisions.  Appeal of individual permit denials or issuance with conditions the permit applicant finds 
unacceptable shall be made according to the approved local ordinance.  The Commission shall not consider individual 
permit denials or issuance with conditions to which a permittee objects.  This Paragraph does not alter the enforcement 
authority of the Commission as specified in G.S. 143-215.1(f). 
 
History Note: Authority G.S. 143-215.1; 143-215.1(f); 143-215.3(a); 
Eff. June 18, 2011. 
 
SECTION .1100 - WETLANDS AUGMENTATION 
 
15A NCAC 02U .1101 WETLANDS AUGMENTATION 
(a)  Wetland augmentation shall be limited as follows: 
(1) Wetland augmentation shall be limited to pine flat and hardwood flat wetlands as defined in the most 
current version of the N.C. Wetland Assessment Method (NC WAM) User Manual developed by the 
N.C. Wetland Functional Assessment Team (NC WFAT), excluding riparian zones.  The NC WAM 
User Manual can be accessed at the following web address: 
http://portal.ncdenr.org/web/wq/swp/ws/pdu/ncwam; 
(2) Reclaimed water discharge to Salt Water Wetlands (SWL) or Unique Wet Lands (UWL), as defined in 
15A NCAC 02B .0101, is not permitted under the rules in this Subchapter; and 
(3) Reclaimed water discharge to wetlands areas shall be limited to times when the depth to groundwater 
is greater than or equal to one foot. 
(b)  In addition to the requirements established in Rule .0201 or Rule .0202 of this Subchapter as applicable, all new and 
expanding wetlands augmentation facilities, as applicable, shall: 
(1) Identify the classification of the existing wetlands according to the most current version of the N.C. 
Wetlands Assessment Method (NC WAM) User Manual and information provided by the North 
Carolina Natural Heritage Program (NC NHP); 
(2) Identify the existing beneficial uses of the reclaimed water to the wetlands in accordance with 15A 
NCAC 02B .0231, and support any demonstration of net environmental benefit; 
(3) Determine the hydrologic regime of the wetlands, including depth and duration of inundation, and 
average monthly water level fluctuations.  An estimated monthly water budget shall be provided by the 
applicant and compared to actual conditions during operation; 
(4) Identify class of reclaimed water to be discharged, associated parameter concentrations, and annual 
loading rates to the wetlands; 
(5) Determine whether the wetland occurs in a ground water recharge or discharge area; 
(6) Provide baseline monitoring information for wetlands sufficient to allow determination of reference 
conditions, to be performed for at least one representative year prior to initiation of discharge; 
(7) Provide a project evaluation and receiver site agronomic plan that includes a hydraulic loading 
recommendation based on the soils report, hydrogeologic description, agronomic investigation, 
wetland type, local topography, aquatic life, wildlife, and all other investigative results to support that 
there will be no negative effects on the uses of the wetlands including the biological criteria and net 
environmental benefits will be gained.  Hydraulic loading recommendations shall reflect seasonal 
changes to wetlands including restrictions during times of high water table levels; 
(8) For non-conjunctive wetlands augmentation systems, provide 200 percent of the land requirements 
based on the recommended hydraulic loading rate.  After five years of operation the Permittee may 
request and receive a reduction in the additional land requirement provided that operational data 
supports that sufficient utilization capacity exists for the reclaimed water generator; 
(9) 10 percent of the land requirements shall remain in a natural state to be used as a basis of comparison 
to the wetlands receiving reclaimed water; 
(10) For application of reclaimed water exhibiting parameter concentrations greater than 100 percent of the 
groundwater standards, provide a site-specific hydrogeologic investigation (i.e., evaluation of 
wetlands/groundwater interaction, groundwater recharge/discharge, gradient, project proximity to 
water supply wells) to show that hydrogeologic conditions are adequate to prevent degradation of 
groundwater quality and demonstrate through hydrogeological modeling that groundwater standards 
will not be exceeded at the compliance boundary; and 
(11)  Provide documentation that any applicable NPDES program requirements have been met, pursuant to 
15A NCAC 02H .0100. 
(c)  All renewal applications for wetlands augmentation facilities, shall submit documentation that the project continues 
to function as designed and that the net environmental benefit aspects remain applicable. 
(d)  Reclaimed water utilized for wetlands augmentation shall meet the following reclaimed water effluent standards: 
(1) Reclaimed water discharged to natural wetlands shall be treated to Type 1 reclaimed water standards; 
(2) In addition to water quality requirements associated with Type 1 reclaimed water, reclaimed water 
discharged to wetlands shall not exceed the following concentrations, unless net environmental 
benefits are provided: 
(A) Total Nitrogen (as Nitrogen) of 4.0 mg/l; and 
(B) Total Phosphorus (as Phosphorus) of 1 mg/l; 
(3) Metal concentrations in reclaimed water discharged to wetlands shall not exceed North Carolina 
surface water quality standards, unless acute whole effluent toxicity testing demonstrates absence of 
toxicity. 
(e)  Reclaimed water facilities utilizing wetlands augmentation, shall meet the criteria below: 
(1) Notification shall be provided by the permittee or its representative to inform the public of the use of 
reclaimed water (Non Potable Water) and that the reclaimed water is not intended for drinking; 
(2) The reclaimed water generator shall develop and maintain a wetlands monitoring program.  This 
monitoring will be conducted during the first five growing seasons after initiation of the application of 
reclaimed water, after which the applicant may apply for and receive reduced monitoring.  The 
monitoring requirements must include the following items: 
(A) vegetation, macroinvertebrates, amphibians, fish, birds, and threatened or endangered species 
surveys; 
(B) water chemistry; 
(C) surface water and ground water depth readings; and 
(D) groundwater monitoring plan except for those projects receiving reclaimed water 
characterized by average annual parameter concentrations less than or equal to 50 percent of 
ground water quality criteria, and less than 50 percent of required surface water discharge 
concentrations; 
(3) The reclaimed water generator shall develop and maintain an education program for all users of 
reclaimed water on property not owned by the generator; 
(4) The reclaimed water generator shall develop and maintain a routine review and inspection program for 
the wetlands augmentation system; and 
(5) The compliance boundary and the review boundary for groundwater shall be established at the 
property line.  No deed restrictions or easements are required to be filed on adjacent properties.  Land 
application of reclaimed water shall be on property controlled by the generator unless a contractual 
agreement is provided in accordance with 15A NCAC 02L .0107 except in cases where a compliance 
boundary is not established. 
(f)  Permitting of wetlands augmentation uses shall not be delegated to local programs. 
 History Note: Authority G.S. 143-215.1; 143-215.3(a); S.L. 2006-250; 
Eff. June 18, 2011. 
 
SECTION .1400 - IRRIGATION TO FOOD CHAIN CROPS 
 
15A NCAC 02U .1401 IRRIGATION TO FOOD CHAIN CROPS 
(a)  Irrigation to food chain crops shall be limited as follows: 
(1) Reclaimed water utilized for direct or indirect contact irrigation of food chain crops that will be 
peeled, skinned, cooked or thermally processed before consumption shall be treated to Type 1 
reclaimed water standards; 
(2) For the purposes of this Rule, tobacco is not considered a food chain crop; 
(3) Reclaimed water shall not be utilized for direct contact irrigation of food chain crops that will not be 
peeled, skinned, cooked or thermally processed before consumption except as approved in 
Subparagraph (5) of this Paragraph; 
(4) Reclaimed water utilized for indirect contact irrigation of food chain crops that will not be peeled, 
skinned, cooked or thermally processed before consumption shall be treated to Type 2 reclaimed water 
standards; and 
(5) If requested, the Department shall authorize demonstration projects to collect and present data related 
to the direct application of reclaimed water on crops that are not peeled, skinned, cooked, or thermally 
processed before consumption.  Crops produced during such demonstration projects may be used as 
animal feed or may be thermally processed, cooked, or otherwise prepared for human consumption in 
a manner approved by the North Carolina Department of Agriculture and Consumer Services.  If the 
applicant, based on the data collected, demonstrates to the Department that public health will be 
protected if their reclaimed water is directly applied to crops which are not peeled, skinned, cooked, or 
thermally processed, the Department shall waive the prohibition described in Subparagraph (3) of this 
Paragraph for that project. When considering such demonstration projects, the Department shall seek 
the advice of the North Carolina Department of Agriculture and Consumer Services. 
(b)  In addition to the requirements established in Rule .0201 or Rule .0202 of this Subchapter as applicable, all new and 
expanding irrigation to food chain crops systems shall submit a representative soil analysis for standard soil fertility for 
each field to be irrigated.  A Standard Soil Fertility Analysis shall include the following parameters: 
(1) Acidity; 
(2) Base Saturation (by calculation); 
(3) Calcium; 
(4) Cation Exchange Capacity; 
(5) Copper; 
(6) Exchangeable Sodium Percentage (by calculation); 
(7) Magnesium; 
(8) Manganese; 
(9) Percent Humic Matter; 
(10) pH; 
(11) Phosphorus; 
(12) Potassium; 
(13) Sodium; and 
(14) Zinc. 
(c)  When a water balance is required by Rule .0202(k) of this Subchapter the water balance shall include seasonal water 
requirements for the crops. 
(d)  For irrigation sites not owned by the permittee, a notarized land owner agreement shall be provided to the Division.  
The land owner agreement shall include the following: 
(1) a description of the approved uses and conditions for use of the reclaimed water consistent with the 
requirements of this Rule; 
(2) a condition requiring the reclaimed water supplier shall provide the landowner with the results of 
sampling performed to document compliance with the reclaimed water effluent standards; and 
(3) a condition requiring the landowner to report to the permittee any use of the reclaimed water 
inconsistent with the uses in the agreement.  
(e)  All renewal applicants for irrigation to food chain crop systems shall submit: 
(1) A representative soil analysis for standard soil fertility for each field to be irrigated.  A Standard Soil 
Fertility Analysis shall include the following parameters:  
(A) Acidity; 
(B) Base Saturation (by calculation); 
(C) Calcium; 
(D) Cation Exchange Capacity; 
(E) Copper; 
(F) Exchangeable Sodium Percentage (by calculation); 
(G) Magnesium; 
(H) Manganese; 
(I) Percent Humic Matter; 
(J) pH; 
(K) Phosphorus; 
(L) Potassium; 
(M) Sodium; and  
(N) Zinc; 
(2) The inventory of commercial agricultural operations using reclaimed water to irrigate food chain crops 
required in Subparagraph (d)(7) of this Rule; and 
(3) For irrigation sites not owned by the permittee, a notarized land owner agreement pursuant to 
Paragraph (d) of this Rule. 
(f)  Reclaimed water facilities providing reclaimed water for the irrigation of food chain crops shall meet the criteria 
below: 
(1) Crops irrigated by direct contact with reclaimed water shall not be harvested within 24 hours of 
irrigation with reclaimed water; 
(2) Notification at the utilization site shall be provided by the permittee or its representative to inform the 
public of the use of reclaimed water (Non Potable Water) and that the reclaimed water is not intended 
for drinking; 
(3) The reclaimed water generator shall develop and maintain a record keeping program for distribution of 
reclaimed water; 
(4) The permittee shall develop and maintain an education program for users of reclaimed water for 
irrigation to food chain crops; 
(5) The reclaimed water generator shall provide all landowners receiving reclaimed water for irrigation of 
food chain crops a summary of all reclaimed water system performance as required in G.S. 143-
215.1C; 
(6) The reclaimed water generator shall develop and maintain a routine review and inspection program for 
all irrigation to food chain crop systems; and 
(7) The permittee shall maintain an inventory of commercial agricultural operations using reclaimed water 
to irrigate food chain crops for each year of operation.  The inventory shall be maintained for five 
years.  The inventory of food chain crop irrigation shall include the following: 
(A) name of the agricultural operation;  
(B) name and telephone number of the owner or operator of the agricultural operation; 
(C) address of the agricultural operation; 
(D) food chain crops irrigated with reclaimed water; 
(E) type of application (e.g., irrigation) method used; and 
(F) approximate area under irrigation on which food chain crops are grown. 
 
History Note: Authority G.S. 143-215.1; 143-215.3(a); S.L. 2006-250; 
Eff. June 18, 2011. 
 
 
1. Assume that the 6” of stone below the detention facility cannot be recovered back into the 
facility 
2. Using Hydrograph, form a stage-storage chart for a 71 feet, 8  foot diameter circular pipe. The 
storage will be measured from the centroid of the pipe beginning at the invert of the pipe. 
Therefore the volume needs to divided by 2 (Column A). 
3. The rectangle volume for each stage was calculated from the centroid of the pipe. The width 
would be 7 feet (4 feet to the edge of the pipe and 3 feet to the edge of the #57 stone). The 
height would be the 0.8 foot increments. The length is 71 feet to represent the length of the 
pipe. (Column B) 
4. The total volume taken up by #57 stone is the rectangular volume sans the pipe. Column A is 
subtracted from Column B to form Column C.  
5. The void volume of the #57 stone is the total volume multipied by the porosity of packed #57 
stone. (Column D). 
6. Since the Volume is on both sides of the pipes, this volume is multiplied by 2. (Column E) 
7. The volume of the four chambered underground detention pipes (Column F) is added to the #57 
stone volume (Column E) to form the total storage Volume (Column G) 
 
Elevation 
A. Half 8'-0", 71 
LF Pipe Volume 
(cuft) 
B. Rectangle 
Volume 
(71'x7'xheight) 
(cuft) 
C. #57 
Stone 
Volume 
(cuft) 
D. #57 Stone 
Void Volume 
(42%) 
E. Two 
Sides of 
UGD 
(cuft) 
F. 4-Chamber 
Pipe Volume 
(cuft) 
G. Total 
Storage 
(cuft) 
              
406.50  
                             
-                             -    
                    
-                     -                  -                        -                    -    
              
407.30  
                            
93  
                      
398  
                 
305                128             256                1,036            1,292  
              
408.10  
                          
255  
                      
795  
                 
541                227             454                2,836            3,290  
              
408.90  
                          
451  
                   
1,193  
                 
742                312             624                5,026            5,650  
              
409.70  
                          
667  
                   
1,590  
                 
924                388             776                7,437            8,213  
              
410.50  
                          
893  
                   
1,988  
              
1,096                460             920                9,956         10,876  
              
411.30  
                       
1,119  
                   
2,386  
              
1,267                532         1,064              12,476         13,540  
              
412.10  
                       
1,335  
                   
2,783  
              
1,449                608         1,217              14,887         16,104  
              
412.90  
                       
1,531  
                   
3,181  
              
1,650                693         1,386              17,075         18,461  
              
413.70  
                       
1,692  
                   
3,578  
              
1,886                792         1,585              18,874         20,459  
              
414.50  
                       
1,785  
                   
3,976  
              
2,191                920         1,840              19,908         21,748  
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2” IRRIGATION METER DETAIL 
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APPENDIX F 
 ITEMIZED FIXED COST  
FINANCIAL ANALYSIS RESULTS 
  
 
 
 
 
 
 
 Utility Price 
Electricity $0.0805/kwh 
Non-Potable Water (reclaimed water) $5.81/kgal 
Irrigation Water $8.94/kgal 
2” Potable Meter Fee $101.20/month 
Demolition $50/CY 
Excavation $20/CY 
Mulch $25/SY 
Utility Coordination $2,500 Flat Fee 
Construction Survey $1,100/Day 
3” PVC* $2.30/LF 
3” Tee & Elbows* $5/item 
Itemized Cost Schedule for Utilities and Services.  
*Based on PVC Pipe Supplies 
 
Item Price 
2” Meter $810 
Field Test (Meters >0.75”) $260 
Shop Test (Meter >0.75”) $100 
Plumber Installation (4 hours) $55/hour= $220 
Total $1,390 
Total Cost Associated with Meter Installation 
Item 
 
Parameter 
Cost/Unit Unit Total Cost 
60“Integral Base Lump Sum $270.00 1 $270.00 
60” Manhole Vertical Foot $135.00 18.5 $2,497.50 
60” to 24” Reducer Each $325.00 1 $325.00 
Class III 24” Pipe 
(Connect UGD to Sump 
Pump Structure) (NCP-
INC) 
LF $37.70 15 $565.50 
Excavation CY $20.00 130 $2,600.00 
Total    $6,258.00 
 Total Cost Associated with Sump Pump Structure  
 
 
Item Parameter Cost/Unit Unit Total Cost 
Harvard 1/0 
Single Aluminum 
Conductor 600V 
URD 
LF $0.56 1000 $560.00 
Electrician Hour $56.00 16 $896.00 
Irrigation 
Controller w/WiFi 
Capability 
LS $300.00 1 $300.00 
Flomatic 115MJ 
3” Gate Valve 
Each $467.00 3 $1,401.00 
UNC-CH Project 
Manager Fee 
4% of total 
Project Cost 
N/A N/A $126.28 
TOTAL    $3,283.28 
Total Cost Associated with Irrigation Controller and Valve Installation 
 
2007 Backup Demand=819.682 kG: Total Demand=2087 kG
Year Option 1 Option 2 Option 3 Option 4
0 (initial) -$                   40,104.74$    49,927.77$        38,173.25$    
1 19,129.29$       7,743.63$       4,707.73$          11,977.65$    
2 18,414.18$       7,454.15$       4,531.74$          11,521.32$    
3 17,725.80$       7,175.49$       4,362.33$          11,082.61$    
4 17,063.15$       6,907.25$       4,199.25$          10,660.83$    
5 16,425.28$       6,649.03$       4,042.27$          10,255.30$    
6 15,811.25$       6,400.47$       3,891.16$          9,865.39$       
7 15,220.17$       6,161.20$       3,745.70$          9,490.49$       
8 14,651.20$       5,930.88$       3,605.67$          9,129.99$       
9 14,103.49$       5,709.16$       3,470.88$          8,783.35$       
10 13,576.25$       5,495.73$       3,341.13$          8,450.02$       
11 13,068.73$       5,290.29$       3,216.22$          8,129.47$       
12 12,580.18$       5,092.52$       3,095.99$          7,821.21$       
13 12,109.89$       4,902.14$       2,980.25$          7,524.76$       
14 11,657.19$       4,718.89$       2,868.84$          7,239.66$       
15 11,221.40$       4,542.48$       2,761.60$          6,965.46$       
Total 222,757.47$     130,278.04$  104,748.54$      177,070.78$  
2008 Backup Demand=173.155 kG: Total Demand=971 kG
Year Option 1 Option 2 Option 3 Option 4
0 (initial) -$                   40,104.74$    49,927.77$        38,173.25$    
1 9,525.23$         2,989.53$       1,564.98$          5,736.08$       
2 9,169.14$         2,877.78$       1,506.48$          5,513.08$       
3 8,826.37$         2,770.20$       1,450.16$          5,298.98$       
4 8,496.42$         2,666.64$       1,395.95$          5,093.41$       
5 8,178.79$         2,566.95$       1,343.77$          4,896.01$       
6 7,873.04$         2,470.99$       1,293.53$          4,706.45$       
7 7,578.72$         2,378.62$       1,245.18$          4,524.40$       
8 7,295.41$         2,289.70$       1,198.63$          4,349.55$       
9 7,022.68$         2,204.10$       1,153.82$          4,181.62$       
10 6,760.15$         2,121.70$       1,110.69$          4,020.31$       
11 6,507.44$         2,042.39$       1,069.16$          3,865.36$       
12 6,264.17$         1,966.04$       1,029.20$          3,716.51$       
13 6,029.99$         1,892.54$       990.72$              3,573.51$       
14 5,804.57$         1,821.79$       953.68$              3,436.11$       
15 5,587.58$         1,753.69$       918.03$              3,304.11$       
Total 110,919.71$     74,917.37$    68,151.76$        104,388.74$  
2009 Backup Demand=342.530 kG: Total Demand=1247 kG
Year Option 1 Option 2 Option 3 Option 4
0 (initial) -$                   40,104.74$    49,927.77$        38,173.25$    
1 11,900.43$       4,502.85$       2,548.47$          7,279.69$       
2 11,455.55$       4,334.52$       2,453.20$          6,998.99$       
3 11,027.31$       4,172.48$       2,361.49$          6,729.34$       
4 10,615.07$       4,016.50$       2,273.21$          6,470.30$       
5 10,218.25$       3,866.35$       2,188.23$          6,221.42$       
6 9,836.26$         3,721.81$       2,106.43$          5,982.31$       
7 9,468.54$         3,582.68$       2,027.68$          5,752.57$       
8 9,114.58$         3,448.75$       1,951.88$          5,531.81$       
9 8,773.85$         3,319.82$       1,878.91$          5,319.68$       
10 8,445.85$         3,195.72$       1,808.67$          5,115.83$       
11 8,130.12$         3,076.25$       1,741.06$          4,919.93$       
12 7,826.19$         2,961.25$       1,675.97$          4,731.65$       
13 7,533.62$         2,850.55$       1,613.32$          4,550.70$       
14 7,251.99$         2,743.99$       1,553.01$          4,376.78$       
15 6,980.89$         2,641.41$       1,494.95$          4,209.60$       
total 138,578.51$     92,539.63$    79,604.26$        122,363.87$  
2010 Backup Demand=540.389 kG: Total Demand=1786 kG
Year Option 1 Option 2 Option 3 Option 4
0 (initial) -$                   40,104.74$    49,927.77$        38,173.25$    
1 16,538.95$       6,275.78$       3,753.80$          10,294.21$    
2 15,920.67$       6,041.17$       3,613.47$          9,900.82$       
3 15,325.51$       5,815.34$       3,478.38$          9,522.69$       
4 14,752.59$       5,597.94$       3,348.35$          9,159.22$       
5 14,201.09$       5,388.67$       3,223.18$          8,809.83$       
6 13,670.21$       5,187.23$       3,102.69$          8,473.96$       
7 13,159.17$       4,993.31$       2,986.70$          8,151.07$       
8 12,667.24$       4,806.65$       2,875.05$          7,840.65$       
9 12,193.70$       4,626.96$       2,767.57$          7,542.20$       
10 11,737.86$       4,453.99$       2,664.11$          7,255.27$       
11 11,299.06$       4,287.48$       2,564.51$          6,979.39$       
12 10,876.67$       4,127.20$       2,468.64$          6,714.12$       
13 10,470.06$       3,972.92$       2,376.36$          6,459.06$       
14 10,078.66$       3,824.40$       2,287.52$          6,213.79$       
15 9,701.89$         3,681.43$       2,202.01$          5,977.95$       
Total 192,593.34$     113,185.20$  93,640.10$        157,467.47$  
2011 Backup Demand=481.693 kG: Total Demand=1289 kG
Year Option 1 Option 2 Option 3 Option 4
0 (initial) -$                   40,104.74$    49,927.77$        38,173.25$    
1 12,261.87$       4,782.17$       2,730.00$          7,514.59$       
2 11,803.48$       4,603.40$       2,627.94$          7,225.11$       
3 11,362.23$       4,431.31$       2,529.70$          6,947.00$       
4 10,937.48$       4,265.65$       2,435.13$          6,679.82$       
5 10,528.60$       4,106.19$       2,344.10$          6,423.12$       
6 10,135.01$       3,952.68$       2,256.47$          6,176.47$       
7 9,756.13$         3,804.92$       2,172.12$          5,939.47$       
8 9,391.41$         3,662.68$       2,090.91$          5,711.72$       
9 9,040.33$         3,525.76$       2,012.75$          5,492.87$       
10 8,702.37$         3,393.95$       1,937.51$          5,282.54$       
11 8,377.05$         3,267.08$       1,865.08$          5,080.41$       
12 8,063.89$         3,144.94$       1,795.35$          4,886.13$       
13 7,762.44$         3,027.38$       1,728.24$          4,699.40$       
14 7,472.25$         2,914.20$       1,663.63$          4,519.92$       
15 7,192.92$         2,805.26$       1,601.44$          4,347.40$       
Total 142,787.46$     95,792.30$    81,718.13$        125,099.21$  
2012 Backup Demand=170.883 kG: Total Demand=1083 kG
Year Option 1 Option 2 Option 3 Option 4
0 (initial) -$                   40,104.74$    49,927.77$        38,173.25$    
1 10,489.08$       3,013.03$       1,580.26$          6,362.47$       
2 10,096.96$       2,900.40$       1,521.18$          6,116.06$       
3 9,719.51$         2,791.97$       1,464.31$          5,879.42$       
4 9,356.16$         2,687.60$       1,409.57$          5,652.14$       
5 9,006.40$         2,587.13$       1,356.88$          5,433.86$       
6 8,669.71$         2,490.41$       1,306.15$          5,224.19$       
7 8,345.61$         2,397.31$       1,257.33$          5,022.79$       
8 8,033.62$         2,307.69$       1,210.32$          4,829.31$       
9 7,733.30$         2,221.42$       1,165.08$          4,643.44$       
10 7,444.20$         2,138.38$       1,121.52$          4,464.87$       
11 7,165.92$         2,058.44$       1,079.60$          4,293.30$       
12 6,898.03$         1,981.49$       1,039.24$          4,128.45$       
13 6,640.16$         1,907.42$       1,000.39$          3,970.05$       
14 6,391.93$         1,836.11$       962.99$              3,817.83$       
15 6,152.98$         1,767.47$       926.99$              3,671.56$       
Total 122,143.57$     75,191.01$    68,329.59$        111,683.00$  
2013 Backup Demand=113.697 kG: Total Demand=918 kG
Year Option 1 Option 2 Option 3 Option 4
0 (initial) -$                   40,104.74$    49,927.77$        38,173.25$    
1 9,069.12$         2,417.25$       1,139.97$          5,439.66$       
2 8,730.09$         2,326.89$       1,097.36$          5,227.74$       
3 8,403.73$         2,239.90$       1,056.33$          5,024.31$       
4 8,089.57$         2,156.17$       1,016.84$          4,829.00$       
5 7,787.16$         2,075.56$       978.83$              4,641.49$       
6 7,496.05$         1,997.97$       942.24$              4,461.44$       
7 7,215.82$         1,923.28$       907.02$              4,288.55$       
8 6,946.07$         1,851.38$       873.11$              4,122.53$       
9 6,686.41$         1,782.17$       840.47$              3,963.08$       
10 6,436.45$         1,715.55$       809.05$              3,809.94$       
11 6,195.83$         1,651.42$       778.80$              3,662.86$       
12 5,964.21$         1,589.68$       749.69$              3,521.57$       
13 5,741.25$         1,530.25$       721.66$              3,385.86$       
14 5,526.63$         1,473.05$       694.69$              3,255.48$       
15 5,320.02$         1,417.98$       668.72$              3,130.23$       
Total 105,608.41$     68,253.26$    63,202.55$        100,937.00$  
2014 Backup Demand=413.714 kG: Total Demand=1473 kG
Year Option 1 Option 2 Option 3 Option 4
0 (initial) -$                   40,104.74$    49,927.77$        38,173.25$    
1 13,845.34$       5,022.59$       2,886.25$          8,543.67$       
2 13,327.75$       4,834.83$       2,778.35$          8,215.71$       
3 12,829.52$       4,654.09$       2,674.48$          7,900.58$       
4 12,349.91$       4,480.11$       2,574.50$          7,597.75$       
5 11,888.23$       4,312.63$       2,478.26$          7,306.73$       
6 11,443.81$       4,151.41$       2,385.62$          7,027.05$       
7 11,016.01$       3,996.21$       2,296.43$          6,758.25$       
8 10,604.19$       3,846.82$       2,210.59$          6,499.90$       
9 10,207.78$       3,703.02$       2,127.95$          6,251.58$       
10 9,826.18$         3,564.59$       2,048.40$          6,012.89$       
11 9,458.84$         3,431.33$       1,971.82$          5,783.45$       
12 9,105.24$         3,303.06$       1,898.11$          5,562.89$       
13 8,764.86$         3,179.58$       1,827.15$          5,350.86$       
14 8,437.20$         3,060.71$       1,758.85$          5,147.03$       
15 8,121.79$         2,946.30$       1,693.10$          4,951.06$       
Total 161,226.66$     98,592.00$    83,537.62$        137,082.63$  
2015 Backup Demand=239.617 kG: Total Demand=1172 kG
Year Option 1 Option 2 Option 3 Option 4
0 (initial) -$                   40,104.74$    49,927.77$        38,173.25$    
1 11,254.99$       3,630.98$       2,034.97$          6,860.23$       
2 10,834.25$       3,495.24$       1,958.89$          6,595.21$       
3 10,429.23$       3,364.58$       1,885.66$          6,340.66$       
4 10,039.35$       3,238.80$       1,815.17$          6,096.14$       
5 9,664.05$         3,117.72$       1,747.32$          5,861.26$       
6 9,302.77$         3,001.17$       1,682.00$          5,635.61$       
7 8,955.01$         2,888.98$       1,619.12$          5,418.83$       
8 8,620.24$         2,780.98$       1,558.59$          5,210.55$       
9 8,297.99$         2,677.02$       1,500.32$          5,010.43$       
10 7,987.78$         2,576.94$       1,444.24$          4,818.14$       
11 7,689.17$         2,480.61$       1,390.25$          4,633.36$       
12 7,401.73$         2,387.87$       1,338.28$          4,455.80$       
13 7,125.03$         2,298.61$       1,288.25$          4,285.16$       
14 6,858.67$         2,212.68$       1,240.09$          4,121.16$       
15 6,602.27$         2,129.96$       1,193.73$          3,963.55$       
Total 131,062.53$     82,386.87$    73,624.63$        117,479.32$  
2016 Backup Demand=229.422 kG: Total Demand=891 kG
Year Option 1 Option 2 Option 3 Option 4
0 (initial) -$                   40,104.74$    49,927.77$        38,173.25$    
1 8,836.76$         2,852.78$       1,582.30$          5,288.65$       
2 8,506.42$         2,746.14$       1,523.15$          5,082.38$       
3 8,188.42$         2,643.48$       1,466.21$          4,884.38$       
4 7,882.31$         2,544.66$       1,411.40$          4,694.31$       
5 7,587.65$         2,449.53$       1,358.64$          4,511.83$       
6 7,304.00$         2,357.96$       1,307.85$          4,336.63$       
7 7,030.95$         2,269.81$       1,258.95$          4,168.41$       
8 6,768.11$         2,184.96$       1,211.89$          4,006.87$       
9 6,515.10$         2,103.28$       1,166.59$          3,851.75$       
10 6,271.54$         2,024.65$       1,122.98$          3,702.77$       
11 6,037.09$         1,948.96$       1,081.00$          3,559.69$       
12 5,811.41$         1,876.10$       1,040.58$          3,422.27$       
13 5,594.16$         1,805.97$       1,001.68$          3,290.26$       
14 5,385.03$         1,738.45$       964.24$              3,163.46$       
15 5,183.72$         1,673.47$       928.19$              3,041.64$       
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APPENDIX G 
EPA EROSION & SEDIMENTATION CALCULATION 
RECLAIMED WATER SYSTEM PERMIT 
 
 
 
 
 
1' x 2' Compost Berms Units Low Cost Estimate High Cost Estimate Sources Comments
Materials and Installation Cost $/Lin. Ft. $2.61 $3.15 See additional "Materials and Installation Cost" worksheet.
These values reflect averages of many data 
sources.
Inspection Cost (Projects < 1200 LF) $/Month $300.00 $300.00
Rob Carrothers.  Soil Tek of Mid America, Inc.  Personal 
communication August 4, 2006
Inspection Cost (Projects 1200-4999 LF) $/Month $400.00 $400.00
Rob Carrothers.  Soil Tek of Mid America, Inc.  Personal 
communication August 4, 2006
Inspection Cost (Projects 5000+ LF) $/Month $550.00 $550.00
Rob Carrothers.  Soil Tek of Mid America, Inc.  Personal 
communication August 4, 2006
Repair and Replacement Cost
% of Initial 
Cost/Year 30% 30%
Rob Carrothers.  Soil Tek of Mid America, Inc.  Personal 
communication August 4, 2006
Mr. Carrothers stated that he expects to pay 
30% of the installation cost per year for 
maintenance and repair.
Compost Removal Cost $/Lin. Ft. $0.06 $0.06 Data provided by Jason Giles.  Rexius, Inc.  August 3, 2006.
Mr. Giles stated that the average wage is 
$35/hour and 1 worker can remove 600 linear 
feet in 1 hour.
12" Diameter Compost Filter Socks Units Low Cost Estimate High Cost Estimate Sources Comments
Materials and Installation Cost $/Lin. Ft. $3.00 $3.50 See additional "Materials and Installation Cost" worksheet.
These values reflect averages of many data 
sources.
Inspection Cost (Projects < 1200 LF) $/Month $300.00 $300.00
Rob Carrothers.  Soil Tek of Mid America, Inc.  Personal 
communication August 4, 2006
Inspection Cost (Projects 1200-4999 LF) $/Month $400.00 $400.00
Rob Carrothers.  Soil Tek of Mid America, Inc.  Personal 
communication August 4, 2006
Inspection Cost (Projects 5000+ LF) $/Month $550.00 $550.00
Rob Carrothers.  Soil Tek of Mid America, Inc.  Personal 
communication August 4, 2006
Repair and Replacement Cost
$/Lin. 
Ft./Year $0.27 $0.27
Data provided by Jared Taylor, Denbow Transport Ltd.  July 31, 
2006.
This cost was given in CAD/linear meter/6 
months and was converted into USD/linear 
foot/year.
Sock Removal Cost $/Lin. Ft. $0.04 $0.04
Data provided by Rod Tyler.  Filtrexx International, LLC.  July 27, 
2006.
Mr. Tyler stated that each 27' sock could be 
removed in 2 minutes.  A $35/hour cost for 
labor was used.
Compost Removal Cost $/Lin. Ft. $0.06 $0.06
Data provided by Rod Tyler.  Filtrexx International, LLC.  July 27, 
2006.
Mr. Tyler stated that the cost of removal of a 
compost sock would be equal to that of a 
compost berm once the sock was removed.
3' Silt Fencing Units Low Cost Estimate High Cost Estimate Sources Comments
Materials and Installation Cost $/Lin. Ft. $2.09 $2.89 See additional "Materials and Installation Cost" worksheet.
These values reflect averages of many data 
sources.
Inspection Cost (Projects < 1200 LF) $/Month $300.00 $300.00
Rob Carrothers.  Soil Tek of Mid America, Inc.  Personal 
communication August 4, 2006
Inspection Cost (Projects 1200-4999 LF) $/Month $400.00 $400.00
Rob Carrothers.  Soil Tek of Mid America, Inc.  Personal 
communication August 4, 2006
Inspection Cost (Projects 5000+ LF) $/Month $550.00 $550.00
Rob Carrothers.  Soil Tek of Mid America, Inc.  Personal 
communication August 4, 2006
Repair and Replacement Cost
% of Initial 
Cost/Year 100% 100%
Lake, Donald W. "Appendix C Cost Analysis of Erosion and 
Sediment Control Practices." New York State Soil and Water 
Conservation Committee. Aug. 2005. 
<http://www.westchestergov.com/planningdocs/NYS%20Erosion%20
Sediment%20Control/15%20Appendix%20C%20Cost%20Analysis.pd
f>
This cost was verified by Rod Tyler, Filtrexx 
International, LLC. And Rob Carrothers, Soil 
Tech.
Removal and Disposal Cost $/Lin. Ft. $0.36 $0.80
Low: Data provided by Jason Giles.  Rexius, Inc.  August 3, 2006.
High: Tyler, Rod. "Controlling Erosion With Compost." Filtrexx. 2004 
<swfrec.ifas.ufl.edu/compost/training/cd/050504/FORCE%205-5-
04%20-%20Tyler.pdf>.
The high cost estimate comes from an EPA 
presentation which includes data indicating that
removal for silt fences is $0.50 per linear foot 
and disposal is $0.25 per linear foot.  These 
two values were summed for total removal and 
disposal cost per linear foot.
One Dollar in…
2004
2005
Source: CPI Inflation Calculator. <http://data.bls.gov/cgi-bin/cpicalc.pl>
Erosion Control Alternatives Cost Data
Inflation Adjustment Table
Equals this many 2006 Dollars
$1.04
$1.07
NC DEQ Permit Directory     
Water          
Wastewater Irrigation Systems (Wastewater Treatment) 
 
What Activities Require This Permit? Any activity that uses surface irrigation as a wastewater disposal method, 
excluding single-family residences. 
 
What Is The Purpose of This Permit? To provide a viable alternative to discharging treated wastewater to the state's 
surface waters. Irrigating the wastewater allows for natural treatment of the water by the soil and vegetation before it re-
enters the natural hydrologic system. 
 
Who Issues This Permit? N.C. Division of Water Resources, Water Quality Permitting Section / Non-Discharge 
Permitting Unit. 
 
How Much Will This Permit Cost?  
Non-Discharge Activity 
New Permit Application 
Fee  
Major Modification 
Application Fee  
Facility's Annual Fee 
Non-Discharge Major Permits 
(> 10,000 gallons per day) 
$1,310 $395 $1,310 
Non-Discharge Minor Permits 
(< 10,000 gallons per day) 
$810 $245 $810 
 
What Are My Payment Options for Permit Application Fees? Check, Money Order or Electronic Transfer  
 
If Paying by Check, Who do I Make the Check Payable to and Where Do I Send the Check? Made payable to 
the North Carolina Department of Environmental Quality (NCDEQ) and sent to NC Division of Water Resources, Water 
Quality Permitting Section / Non-Discharge Permitting Unit, 1617 Mail Service Center, Raleigh, NC 27699-1617.  
 
Where Can I Get The Application For These Permits? http://deq.nc.gov/about/divisions/water-resources/water-
resources-permits/wastewater-branch/non-discharge-permitting-unit/application 
 
How Long Will It Take To Review My Application? Upon receipt of a complete application, the standard review time 
for staff is 90 days, although approval may be less than 90 days for most projects. Permit renewals are submitted 180 
days prior to expiration.   
 
Where Do I Submit My Application?  N.C. Division of Water Resources, Water Quality Permitting Section / Non-
Discharge Permitting Unit, 1617 Mail Service Center, Raleigh, NC 27699-1617. 
 
How Long Is My Permit or License or Certificate Valid? A wastewater irrigation system permit remains valid for five 
years.  
 
Notes/Comments:  New wastewater irrigation systems require soils reports from licensed soils scientists and designs by 
licensed professional engineers.  In addition, hydrogeological reports may be required.  Please consult an experienced 
licensed professional to see if an irrigation system will work for a particular project.   
 
Legal Authority/Statute Reference:  15A NCAC 02T .0500 
 
Link: http://deq.nc.gov/about/divisions/water-resources/water-resources-permits/wastewater-branch/non-discharge-
permitting  
 
Statewide Contact Information: 
NC Division of Water Resources  
Water Quality Permitting Section / Non-Discharge Permitting Unit 
1617 Mail Service Center 
Raleigh, NC 27699-1617 
Telephone: (919) 807-6332 
Fax: (919) 807-6496 
 
